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Periodic, careful check is kept on en- 
gine condition by Ethyl technologists 
during research involving actual road 
operation. 


Diagnosis—to solve the problems 
of gasolines and engines 


T IS CERTAIN that more and more power will be 

wrung from every drop of gasoline—that future 
engines will be more efficient and economical. How- 
ever, many complicated obstacles face the forward- 
looking technologists who are working to make 
future engines and fuels, better engines and fuels. 

The job is far from simple inasmuch as gasoline, 
lubricants, engines and fuel additives are all inter- 
related factors in the same problem. A change in one 
may influence the performance of all the others. 
That’s why petroleum and automotive research must 
be closely coordinated. 

The Research Laboratories of the Ethyl Corpo- 
ration are designed specifically for the integrated 
development of fuels and engines. A technical staff 
with more than twenty years of experience employs 


equipment specially built for investigations in all 
fields related to the broad problem. Many research 
programs have as their objective the development 
of basic information to serve as general guides for 
the oil and automotive industries, and others, which 
may be carried out cooperatively, are intended to 
provide solutions for specific problems confronting 
individual companies. 


ETHYL CORPORATION 
research laboratories 


1600 West Eight Mile Road, Detroit 20, Michigan 
2600 Cajon Road, San Bernardino, California 





Products sold under the ‘‘ETHYL"’ trade-mark —Antiknock Compound. . .Detergent Cleaner... Salt Cake... Ethylene Dichloride ... Sodium Metallic... . Chlorine (liquid)... Oil Soluble Dye 
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| Competent engineering design is a vital part of any proc- 
essing unit to be incorporated in a refinery flow stream. Every 
Petreco Electric Desalter is designed into the refining cycle by 
the Petreco engineering staff, representing many years of know- 
how and experience. 


Petreco engineering consultation is available to the industry on 
any salt problem,—at no obligation. If you have any doubts 
whatsoever about salt troubles in your refinery —arrange for a 


Petreco Desalting engineer to call. Just call or write any of the 
offices listed below. Get the facts —it pays. 


PETROLEUM RECTIFYING | South Wayside Drive, Houston i, Texas 
648 Edison Building, Toledo 4, Ohio 
COMPANY {8 W. Sixth Street, Los Angeles 14, Calif. 
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Ps niversal’s Riverside laboratories 
have proved a sound base of operations 
for licensee refiners. It is there that 
physical and chemical research, together 
with pilot plant tests, have made 
their contribution to the processes these 
refiners employ. ..the units they 


operate... their refining techniques. 


Research and development is not 

the only work in progress at Riverside. 
Day in and day out the analytical 
laboratory staff evaluates new charging 
stocks, examines intermediate or 

end products and conducts the 
countless other analyses that mean 


efficient plant operation for licensees. 


Why not depend on Universal for 

the research and service that spell success 
in an increasingly competitive market? 
Why not make the Universal 


laboratories your base of operations? 


UNIVERSAL OIL PRODUCTS COMPANY 


310 SO.MICHIGAN AVENUE CHICAGO 4, ILLINOIS, U.S.A. 


LABORATORIES: RIVERSIDE, ILLINOIS 


UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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Technical Information Available Upon Request 


When Performance Counts . . . Call on Cyanamid *Reg. U. S. Pat. OF. 


AMERICAN Lyanamid COMPANY 


Pelholeum Chemicals Department 


30 ROCKEFELLER PLAZA - NEW YORK 20, NEW YORK 
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‘4 Happening! “= 


Gulf Oil Corp. announces $20,000,000 refinery improve- 


HIGHLIGHTS 


ment program. 


facilities in new Science Center... . 


. . . Sun Oil Co. to consolidate its research 


Latest estimate of 1948 total petro- 


leum demand in U. S. is 6,104,000 b/d, about 4.5% over 1947 demand. ... 


API urges Congress to legislate defining authority of Federal Power Com- 


mission as not including right to regulate production or gathering of 


natural gas. 


. Harriman Report sees “world-wide” oil shortage as 


principal limiting factor in supplying requirements of European nations 


under Marshall Plan. 


Plants New fiacilities under 
Building construction at the Rob- 

inson, Ill., refinery of 
Ohio Oil Co. include a Fluid cracker, 
two-stage distillation unit, gas re- 
covery unit, UOP catalytic poly- 
merization unit and Girbotol gaso- 
line treating plant. Crude charging 
capacity is to be doubled to 30,000 
b/d. Universal Oil Products Co. is 
designing and engineering the new 
units. Arthur G. McKee & Co. is 
general contractor. J. F. Pritchard 
& Co. is building some of the utilities. 


Sun Oil Co. has started construc- 
tion at Newtown Square, about 18 
miles west of Philadelphia, of a new 
physical laboratory as first step in 
creating a science center in which 
will be consolidated research and de- 
velopment work now carried on at 
the Marcus Hook refinery and the 
Norwood, Pa., laboratories. 


Gulf Oil Corp. announces a $20,- 
000,000 refinery improvement pro- 
gram, major construction work to 
start next spring. New catalytic 
cracking units will be installed at 
Toledo and Cincinnati and output of 
the latter refinery will be increased 
25%. A new “poly” unit will be built 
at Cincinnati. A new laboratory will 
be built at Toledo and the Cincin- 
cinnati laboratory enlarged. Major 
construction work will be by E. B. 
Badger & Sons Co. and M. W. Kel- 
logg Co. Chicago Bridge & Iron Co. 
has the contract for relocating and 
rebuilding the tankage. 


Catalytic Construction Co. has 
started work of inspecting, repair- 
ing and testing the Houdry unit of 
Petrol Terminals Corp., recently pur- 
chased from WAA. Repairs and cata- 
lyst change to the Houdry unit at 
Socony-Vacuum Oil Co.’s refinery at 


Buffalo are being made by Catalytic 
Construction Co. 


Plans are being made for modern- 
izing and enlarging the 3000 b/d top- 
ping plant of Comet Refinery Co. at 
New Brighton, Minn., recently ac- 
quired by Northwestern Refining Co. 


Sinclair Refining Co. has awarded 
the contract for a 270-mile products 
line from Houston to Arlington, near 
Fort Worth. A terminal will be 
built at Bryan, where the new line 
will connect with the system Sinclair 
has been building this year from 
Corpus Christi. The line to Fort 
Worth is to be completed early in 
1948. 


Petrocarbon, Ltd., has 
announced plans for new 
20,000 b/d refinery near Manchester, 
England. Plant will be built adjacent 
to facilities now building by Petro- 
chemicals Ltd. and its operations will 
be tied in with those of Petrochemi- 
cals and also of Manchester Oil Re- 
finery, manufacturer of white oils. 
Petrocarbon facilities will include 
5000 b/d catalytic cracker, reforming 
unit and lube manufacturing facili- 
ties. 

British Petroleum Chemicals, Ltd., 
owned jointly by Anglo-Iranian Oil 
Co., and Distillers Co., Ltd., is plan- 
ning to build petroleum chemicals 
plant adjacent to Anglo-Iranian re- 
finery at Grangemouth, Scotland, at 
a cost of $22,000,000. Anglo-Iranian 
is planning $30,000,000 expansion of 
the Grangemouth refinery. 


Foreign 


Two West Coast oil companies, 
Honolulu Oii Corp. and Los Nietos 
Co., have declined to participate in 
the American Independent Oil Co., 
organized by a group of independent 
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concerns to carry on operations in 
foreign oil fields. 


Explain Product Socony - Vacuum 
Allocations Oil Co. publicly an- 
nounced it would allocate motor 
and aviation gasoline, naphthas and 
Diesel fuel supplies to dealers and 
direct customers in its eastern mar- 
keting territory during November and 
December, on a basis 4% less than 
quantities delivered in same months 
of 1946. Company also took promi- 
nent newspaper advertising space to 
tell its allocation policy and advise 
public what they could do to relieve 
the shortage. 


‘48 Demand Revised estimate of 
and Supply Bureau of Mines for 
total U. S. demand for petroleum 
in 1948 is 6,104,000 b/d average, in- 
cluding 407,000 b/d for export. This 
is about 4.5% above total 1947 de- 
mand as estimated. Crude runs to 
refineries are estimated at 5,265,- 
000 b/d average, little over 4% 
greater than for‘current year. 


Domestic demand for motor fuel 
for ’48 is now estimated at 840,000,- 
000 bbls., over 6% higher than in 
’47; for distillate fuel and kerosine 
438,000,000 bbls., 12% higher; for 
residual fuels 517,000,000 bbls., less 
than 1% higher than ’47 rate of con- 
sumption. 

Total production of crude and 
other oils in U. S. is estimated for 
’48 at 2,075,300,000 bbls., nearly 5% 
larger than for current year. Total 
imports, crude and refined, are esti- 
mated at 166,800,000 bbls., nearly 
6% above current year. 


Synthetic Synthetic rubber is 
Rubber now being produced 
with 35% more wearing quality 
than natural rubber and further 
improvements may be expected 
through present research programs, 
George P. Bunn, vice president Phil- 
lips Petroleum Co. and manager of 
its butadiene plant at Borger, Texas, 
told the synthetic rubber sub-com- 
mittee of the House armed services 
committee. Bunn and officials of 
Humble Oil & Refining urged govern- 
ment legislation to continue requir- 
ing use of synthetic rubber in tires 
and that the synthetic rubber plants 
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What's Happening! 





be made available to private oper- 
ators through sale or lease. 


National Petrole- 
um Council’s com- 
mittee on the Mar- 
shall Plan has created a subcommit- 
tee headed by Howard Page, econo- 
mist, New Jersey Standard, to ana- 
lyze the Harriman Committee report 
on the European recovery aid pro- 
gram insofar as it relates to petro- 
leum requirements. 


European Aid 
Report Studied 


The Harriman report states it is 
unlikely the presently estimated pe- 
troleum requirements of the 16 par- 
ticipating European nations for 1948- 
51 can be met in full because of a 
“world wide” shortage of oil. The 
shortage may range from 5-10% be- 
low requirements in 1948 to 10-15% 
in 1951 and concludes that the Euro- 
pean nations must therefore readjust 
downward their planned levels of im- 
ports and consumption. 


The Harriman report also regards 
it unlikely the U. S. can supply the 
16 countries with the $588,000,000 in 
petroleum equipment they say they 
need, but urges that maximum aid 
be extended in this regard. 


API Defense Ser- 
vices Committee is 
naming committees for each of the 
6 Army areas in continental U. S. 
to promote and aid individual oil com- 
panies in organizing petroleum re- 
serve units as sought by armed ser- 
vices. Committee will also ask all 
companies to report on their person- 
nel who have reserve status. 


POL Reserve 


General Resolution urging 
prompt passage by 
Congress of law defining authority 
of Federal Power Commission as not 
including right to regulate produc- 
tion or gathering of natural gas 
adopted by API directors at Chi- 
cago annual meeting. 


Ashland Oil & Refining Co. has pur- 
chased from WAA the government- 
owned “avgas” plant near Catletts- 
burg, Ky., which it operated during 
the war. Purchase price was $2,150,- 
000. Facilities include TCC cracker, 
feed preparation unit, alkylation and 
isomerization units. 


This country is cutting by one- 
half import duties on _ gasoline, 
naphtha, paraffin and paraffin wax 
and unfinished petroleum oils, in 
return for certain tariff concessions 
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by other countries which signed 23- 
nation trade agreement in Geneva 
Oct. 30. Provisional application in U. 
S. is by presidential proclamation. 
Crude oil import duty is not affected. 


The need for an SAE 
5 or 5-W motor oil 
to meet service conditions of atmos- 
pheric temperatures of —10°F. and 
below was advanced by automotive 
technologists at the SAE Fuels and 
Lubricants meeting in Tulsa. The 
oil should have the same viscosity 
at —20°F. that the 10-W oil has 
at zero. Use of a 10-W oil diluted 
with kerosine is not adequate to meet 
driving conditions at extreme low 
temperatures, it was said. 


Technical 


At the same meeting another speak- 
er suggested the use of suitable addi- 
tives of the oil-soluble polymetha- 
crylate type with appropriate stocks, 
to secure enough Viscosity Index im- 
provement to permit double branding 
in commonly used SAE grades, thus 
simplifying storage and handling 
problems. 


Standard set of designations for 
automotive gear lubricants adopted 


” by API Lubrication Committee in- 


cluding: regular type gear lubricant, 
worm type gear lubricant, mild 
type extreme pressure gecr - 
bricant, multi-purpose type gear lu- 
bricant. Proposal for lubricant rec- 
ommendations for automotive gears 
was tabled because of divided opinion 
of committee membership. 


Promoting 
Oil Research 


Shell Oil Co., Inc., 
Shell Development 
Co., Shell Chemical 
Corp., Shell Union Oil Corp. and 
Shell Pipe Line Corp. have _ joint- 
lv established 44 fellowshins et 
36 U. S. colleges, the total grants 
amounting to about $76,000 a year. 
The fellowships will be awarded by 
the schools, their purpose to be to 
promote graduate study in branches 
of science which affect the petroleum 
industry. 


Product Supply, 
Requirements 


Supplies of gaso- 
line, kerosine and 
distillates east of 
the Rockies will fail to meet esti- 
mates of demand by about 5% dur- 
ing the next 5 months, if the defi- 
ciency is spread uniformly among 
products, John W. Boatwright, man- 
ager of sales research for Standard 
Oil Co. (Indiana) told the API meet- 


ing. If refiners recognize the com- 
posite yield of the three products as 
65.2% of crude runs, which was 
--hieved last winter, and adopt yields 
ot 39.8% on gasoline, 7.4% on kero- 
sine and 18.0% on distillates, the de- 
ficiency forecast for ‘a normal win- 
ter would be spread uniformly among 
the three products. This is desirable 
to show public the industry is being 
fair to all classes of consumers. 

Looking farther ahead, Fred Van 
Covern, API statistical director, said 
he doesn’t look for any national 
shortage of gasoline next summer 
but that in certain areas, particu- 
larly District 2, the companies will 
have to continue to allocate supplies 
as at present. 


Top Names Dr. William M. Bur- 
In the News ton, retired former 

president of Stand- 
ard Oil Co. (Indiana), received the 
API Gold Medal for Distinguished 
Achievement in recognition of devel- 
oving the first co~™ercially success- 
ful cracking process. 

Dr. John R. Bates, formerly assist- 
ant to Sun Oil Co.’s vice president 
in charge of manufacturing, is direc- 
tor of its new independent research 
departmert.... James Tanha™. vice 
president The Texas Co., is attending 
the United Nations conference on 
trade and employment in Havana as a 
representative of the International 
Organization of Industrial Employ- 
ers. ‘ 

J. RP. Corbett. Cato Oil & Grease 
Co., Oklahoma City, is the new presi- 
dent of the National Lubricating 
Grease Institute; B. G. Symon, Shell 
Oil Co., New York, is the new vice 
president. 

Carl E. Cummings, superintendent 
of The Texas Co.’s research and de- 
velopment laboratories at Beacon, 
N. Y., and Charles G. MclIlwraith, 
physicist in the Beacon laboratories, 
have received the Order of the Brit- 
ish Empire, Degree of Honorary Of- 
ficer, for their wartime services. 

T. M. Martin, executive vice presi- 
dent of Lion Oil Co., succeeds Col. 
T. H. Barton as president. Col. Bar- 
ton was elected chairman of the 
board. 

Leonard F. McCollum, formerly 
co-ordinator of producing activities 
for Standard Oil Co. (N. J.), has 
been elected president of Continental 
Oil Co., succeeding Dan Moran, who 
resigned because of ill health but 
will continue in consulting capacity 
with the company. .... John W. 
Brice is co-ordinator of producing 
activities for New Jersey Standard, 
succeeding L. F. McCollum. 
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Who puts your 
vessels together? 


FV neicating a complicated vessel is a far 
more exacting job than fitting the pieces of 
the most intricate jig-saw puzzle ever made 
—for if nozzles and ports are not placed 
and angled precisely, there’s likely to be 
heavy trouble to pay for when the vessel is 
delivered. 

That’s why who puts your vessels together 
ranks in importance with how they are put 
together. 

The extreme accuracy that distinguishes 
an M. W. Kellogg job is the sum of many 
things: the long experience and stability of 
the Kellogg organization — plus the most 
advanced equipment and testing devices— 
plus an error-proof check-up and inspection 
procedure that stays with every job from 
layout to final O.K. 

It’s extra quality \ike this that has built 
Kellogg’s reputation for dependability. It’s 
also one of the big reasons why so many of 
the world’s top industries turn to Kellogg 
when there’s a particularly tough job to be 
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VESSELS * EXCHANGERS + CONDENSERS * HIGH PRESSURE AND HIGH TEMPERATURE POWER PIPING 
PROCESS PIPING * FORGED AND WELDED FITTINGS...IN ALL STEELS, ALLOYS OR SPECIAL COMBINATIONS 
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Metallurgical Research con- Unique Technical Backing of Complete Facilities tor che Quality Control embracing On-Time Delivery made pos- Top Welding Performance 
ducted continually by rec- an extensive organization fabrication of steel prod- theconstantapplicationof sible by a flexible plan- assured by specially de 
ognized specialists who with an international rep- ucts from simple forgings 
have made major contri- utationinbothprocessand to the most intricate 120 
butions in this field. fabrication engineering. foot towers. 
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and non-destructive. , promised dates. master operators. 
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TOMORROW 


... IN PETROLEUM TECHNOLOGY 


Current technological and economic developments discussed here in 
the light of their future bearing on petroleum refining operations 


include: 


® More economic data on synthetic fuels available. 


@ Atomic power plants still a long way off. 


@ Public Library Establishes Research Group 


© Detergent promoter developed for fabric washing. 


More Economic Data on 
Synthetic Fuels Available 


S MORE and more organizations 
concentrate attention on the syn- 
thesis of petroleum substitutes, an in- 
creasing amount of economic infor- 
mation is becoming available for pur- 
poses of comparison and evaluation. 
For example, Dr. W. C. Schroeder, 
chief of the Bureau of Mines’ Office 
of Synthetic Liquid Fuels, recently 
told the oil subcommittee of the Sen- 
ate’s special small-business commit- 
tee that while gasoline can be pro- 
duced from natural gas, via the Syn- 
thine process, at a cost competitive 
with present-day petroleum, oil from 
shale would cost $2-$2.50 per barrel 
for a product comparable only with 
$1-$1.40 petroleum. 

Schroeder stated, as is common 
knowledge, that petroleum products 
of any type or grade can be made 
from coal and that the cost of gaso- 
line so produced would be 3-5 cents 
per gallon greater than that made 
from petroleum. <A coal hydrogena- 
tion industry capable of producing 
1,000,000 barréls of gasoline per day 
would require 225,000,000 tons of coal 
per year. About 150,000 men would 
be needed in mines and plants, and 
construction of such facilities would 
require 10,000,000 to 11,000,000 tons 
of steel. 

According to a recent item(1) the 
Standard Oil Development Co., fol- 
lowing wartime research for the Aus- 
tralian Government on the produc- 
tion “of marine fuel from Australian 
oil shale by fluidized solids tech- 
niques,” concluded “that the meth- 
od was novel and sound, and that 
costs would be almost totally gov- 
erned by the price of raw shale as 
delivered to the retorting plant. It 
was also their opinion that oil shale 
processing in the United States might 
to some extent become competitive 
with other methods of crude oil pro- 
(1) Anon., Industrial and Engineering Chem- 


istry 39, No. 10, Suppl. p. 10A (1947), 
“tl & EC Reports—Oil Shale.’’ 


duction in the not-too-distant future 
—that is, if the cost of the mined 
product can be cut to around 50 cents 
per ton.” 

In commenting on the use of fluid- 
ized solids technique in the produc- 
tion of oil by the Synthine process, 
Dr. H. H. Storch of the Bureau of 
Mines recently told the Philadelphia 
Section of the American Chemical So- 
ciety that pilot-plant tests have dem- 
onstrated that a Synthine plant using 
this process may operate continuous- 
ly for as long as 1,600 hours. Gaso- 
line, easily refined to 75 octane, 
would be the chief product, along 
with minor quantities of Diesel oil 
and chemicals. 


In discussing the Bureau of Mines’ 
Synthine process in which oil, intro- 
duced along with the gas charge, 
evaporates and thus provides tem- 
perature control through heat ab- 
sorption, Storch stated that at pres- 
ent this fixed-bed process is only two- 
thirds as fast as the fluidized catalyst 
process and requires one-third more 
steel. Further research is expected to 
improve its efficiency, however. 

James A. Lee, managing editor 
of Chemical Engineering, reports 
that, for Jersey Standard’s fluid cata- 
lyst variant of the Synthine process, 
a plant “large enough to produce 
8,300 b/d. of gasoline giving an ASTM 
unleaded number of about 80 after 
mild treatment and 1,050 b/d. of gas 
oil . . . would cost about $35,000,000, 
exclusive of the investment for re- 
covery of oxygenated compounds.” (2) 


Incidentally, ‘attracting attention 
are reports that Carbide and Carbon 
Chemicals Corp. is pursuing experi- 
ments in the underground gasifica- 
tion of coal at Charleston, W. Va., 
and that these have progressed be- 
yond the stage reached by the much- 
publicized Alabama Power Co. and 
the Bureau of Mines project at Gor- 
gas, Ala. Recently, Carbide pur- 
(2) Lee, James A., Chemical Engineering 54, 


No. 10, 105 (1947), ‘‘Esso’s Fluid Catalyst 
Modifies Fischer-Tropsch.’’ 
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chased 30,000 acres of coal land in 
the Charleston area.’’(3) 

All this activity in research on syn- 
thetic liquid fuels bodes well for the 
ultimate future. However, the pe- 
troleum industry must remember to 
point out again and again, in its pub- 
lic releases, that petroleum substi- 
tutes cannot be produced in quantity 
at a moment’s notice and that a large- 
scale synthétic fuels industry, were it 
to be started now, would be uneco- 
nomic even before completed, both 
because of technical obsolescence and 
present insufficient process develop- 
ment. Continued research is therefore 
more than justified, especially since 
present technical knowledge, at least 
as regards the Synthine process, gives 
every indication that future costs 
may be lower and product qualities 
higher. Such, alas, is rarely the case 
for petroleum itself, these days. 


Atomic Power Plants Are 
Still A Long Way Off 


HOSE science writers who in late 

1945 predicted the near-future 
end of petroleum usage for fuels, be- 
cause of the advent of atomic energy, 
are now more than quiet on this sub- 
ject. First of all, they ignored the 
fact that most petroleum fuels are 
“burned” because their liquid . state 
renders .them particularly portable 
and useful, while atomic energy 
“power pills’ would require carrying 
tons of shielding materials even if 
their technical application to trans- 
port vehicles were perfected. Sec- 
ondly, they assumed that technical 
developments in the field of applied 
atomic (nuclear) science would pro- 
gress at an accelerated pace, which 
has hardly been the case; research 
of any type costs money, and “the 
war is over’—but the next one may 
come soon, 

As Business Week recently put it, 
‘new (atomic power timetable) esti- 
mates reflect a revised allocation of 
manpower by Atomic Energy Com- 
mission. Military work gets -top 
priority.” (4) Admiral William S. Par- 
sons, director of the Navy’s atomic 
defense group, recently told the So- 
city of 1812 that: “(1) it will take 
10 years to develop high temperature 
nuclear reactors for special purposes; 
(2) large-scale output of industrial 
atomic power is a generation away.” 

Only as recently as last March, 
however, “Parsons predicted: (1). ex- 
perimental power pile operation in 
1948; (2) solution of engineering 
problems in five years; (3) develop- 
ment of atomic power to a point of 
practical use inthe early 1950's.” 

The new motif—delay—was also 
sounded in a recent speech made by 
David Lilienthal, chairman of the 
Atomic Energy Commission. Accord- 
(3) Anon., Chemical Industries 61, No. 3, 371 

(1947), ‘‘For Your Information.’’ 


(4) Anon., Business Week, No. 942, 6 (1947), 
‘“‘Washington Outlook.’’ 
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ing to Lilienthal, “Our judgment is 
that no one should delay sound and 
economical additions to power sup- 
ply, whether by fuel-generated elec- 
tricity or water power, because some- 
where in the future atomic energy 
will come on the scene as an addition- 
al source of supply. There will cer- 
tainly be ample time to make what- 
ever adjustments may be needed.” 

Lilienthal’s atomic-power timetable 
is much like Parsons’ (for obvious 
reasons): (1) “production of elec- 
tricity on a pilot-plant scale of 1,000 
kw. or so—18 to 20 months from 
now;” (2) “large-scale production of 
electricity in a ‘useful practical 
demonstration plant’—eight to 10 
years from now;” and (3) “atomic 
supply of 10%-20% of the country’s 
power needs—‘around two cor- 
ners.’ ’’(5) 

According to this report(5) of Lili- 
enthal’s speech, “the major problems 
in power generation are still at the 
level of university research rather 
than engineering investigation.” By 
some, however, although denied by 
Lilienthal, “partial relegation of pow- 
er studies to the academic groups is 
interpreted as a move to free nuclear 
and chemical engineering talent for 
the big job of rebuilding the produc- 
tion plants (at Hanford and else- 
where) for maximum output of explo- 
sive material for bombs.” Moreover, 
“Lilienthal says he is now stressing 
that the time scale is long so as to 
answer European claims that the 
U. S. is selfishly sitting on a tech- 
nology which could solve the world’s 
fuel shortages.” 

Interesting technical and economic 
data on atomic power have been sum- 
marized in a recent article(6) by 
James H. Lum, executive director of 
Monsanto’s Clinton Laboratories at 
Oak Ridge. In essence, this article 
confirms the 1946 economic data of 
the Baruch ‘report: “(1) Atomic 
plant—total investment, $25,000,000; 
investment per kw., $333; operating 
cost per kwh., 0.80 cent; (2) Coal 
plant—total investment, $10,000,000: 
investment per kw., $133; operating 
cost per kwh. with coal at $7 per 
ton, 0.65 cent; operating cost with 
coal at $10 per ton, 0.80 cent.” 

It is significant, from a petroleum 
industry viewpoint, to note that three 
members of a seven-man industry 
committee appointed by Lilienthal 
“to speed private enterprise’s part in 
atomic energy development’(5) are 
prominent petroleum research scien- 
tists and executives—Dr. Gustav Eg- 
loff, director of research of the Uni- 
versal Oil Products Co.; Dr. Paul D. 
Foote, executive vice-president of the 
Gulf Research & Development Co.; 
and Dr. Robert E. Wilson, chairman 


(5) Anon., Business Week, No. 946, 24 (1947), 
‘“*‘Atomic Timetable.’’ 


(6) Lum, James H., Chemical Engineering 54, 
No. 10, 122 (1946), ‘‘Engineering and 
Economics of Atomic Power.”’ 

900 


of the Standard Oil Co. (Indiana). 
It may be expected, then, that the pe- 
troleum industry will be readily able 
to evaluate future developments in 
atomic power as they occur, although 
apparently there is no reason to fear 
that atomic power will relegate pe- 
troleum completely to the status of a 
chemical raw material in the predict- 
able future. 


Public Library Establishes 
Research Group 


these days of increased atten- 
tion to the teachings of the tech- 
nical literature, it is highly pertinent 
to note the organization of the Indus- 
trial Research Service foundation, as- 
sociated with and organized through 
the efforts of the Detroit Public Li- 
brary. 

As stated by Charles M. Mohr- 
hardt, associate librarian of the De- 
troit library,(7) “literature research 
in the business and industrial fields 
is carried on, not to increase man’s 
mastery of his environment, but be- 
cause it pays in dollars and cents to 
the company or individual who is en- 
gaged in such research. 

“Most large corporations maintain 
special libraries, not as frills but as 
important service units. Even the 
most extensive of these special com- 
pany libraries must depend upon the 
greater resources of a large public 
library to obtain information re- 
quired by their corporations,” how- 
ever, and it was here that the Detroit 
Public Library, noting increased de- 
mands on it for business and indus- 
trial reports, literature searches, and 
speedy information service, decided 
to expand its information research 
services and to offer them on a sub- 
scription basis. 

In brief, the plan calls for the crea- 
tion of the Industrial Research Serv- 
ice, ‘which will be designed to supply 
information, bibliographical and doc- 
umentary service to those firms 
which are willing to support the 
maintenance of this service. ... We 
recommend that the large corpora- 
tions subscribe to this service at an 
annual rate commensurate with the 
services received. For the smaller 
firms and those who do not wish to 
subscribe to this comprehensive re- 
search service,” the usual free, less 
extensive library service is still avail- 
able, or they can “make use of the 
Industrial Reference Service and be 
billed for the work performed, on an 
hourly basis.” 

“Confidential reports would be re- 
stricted 'to the subscriber who had re- 
quested them’’; others could be pub- 
lished for general use. Among the 
services to be offered are: (1) a gen- 
eral reference or fact-finding serv- 
ice, (2) bibliographical service, (3) 
translation service, (4) literature 


(7) Mohrhardt, C. M., Library Journal 72, 
1155-59, 1166 (1947), ‘‘Detroit Projects 
New Research Plan.”’ 


studies and documentation service 
(5) abstracting service (on new pub- 
lications), etc. Specialists lin the fields 
of service are to be employed full- 
time or as part-time consultants: 
these will work with library special- 
ists. 

The annual service fee will “be 
based on the annual expenditures of 
the subscribing company or, more 
specifically, upon the amount which 
is allocated by the company to re- 
search, personnel management, mar- 
keting, and other comparable pro- 
grams for which they require library 
assistance. . . . It is proposed that 
business and industry underwrite the 
costs of this program for a three- 
year period” to insure continuity of 
staff, etc. For ‘the first year, the 
Detroit Public Library plans to limit 
this service to the automotive in- 
dustry. 

The petroleum industry subscribes 
to a vast amount of research, much 
of it properly based on information 
work, and “it is perhaps unfortunate 
that there is at present so little co- 
operation between petroleum com- 
panies on informational matters.’’(8) 
An ideal arrangement might call for 
the collection of existing information 
by a central group, the classification 
of this material under a generally ac- 
ceptable system, and “the central 
provision of future information to all 
who are contributing members.’’(8) 

In any case, the Detroit Public Li- 
brary’s service to the automotive in- 
dustry can be viewed with careful 
attention by the petroleum industry 
and analyzed for adaptation to its 
own operations. 


Detergent Promoter Developed 
For Improved Fabric Washing 


S mentioned last month, most 

synthetic detergents “are not 
completely satisfactory for washing 
heavily-soiled cottons” and “do not in 
general hold an edge for use in soft 
waters.” It is therefore important 
to note a brief news item(9) which 
states that the “Wyandotte Chemi- 
cals Corp., Wyandotte, Mich., has de- 
veloped a ‘detergent promoter’ it be- 
lieves will cover that gap (the fabric 
washing market). The firm says it 
is actually superior to ‘fatty acid 
soaps in detergency on all fabrics, in- 
cluding cottons.’ ”’ 

Wyandotte, last year, began con- 
struction of a plant for the produc- 
tion of petroleum-derived alkyl aryl 
sulfonate detergents. More details 
on the above-mentioned “detergent 
promoter” will be awaited with inter- 
est, since agents of this type might 
very well give added impetus to the 
already-fast-moving synthetic deter- 
gents field. 


(8) Weil, B. H. Information Service and the 
Petroleum Industry, Georgia School of 
Technology, State Engineering Experiment 
Station Circular No. 10, 1947. Five paées- 

(9) Anon., Business Week, No. 50, (1947), 
‘*Detergent for Fabrics’’. 


PETROLEUM PROCESSING, December, 1947 








re 


1it 


eS 
ch 
on 
ite 
-0- 
m- 
(8) 
for 


on- 
luc- 
uryl 
ails 
rent 
ter- 
ght 

the 
ter- 


the 
ment 
ges. 
47), 


1947 





.e accuracy and versatility of many pH instruments 


are limited by the electrode system —BUT NOT BECKMAN EQUIPMENT! 


_.. THE INDUSTRY 
1S AVAILABLE FOR 


ppemeneen THIS important fact about modern pH equipment 
—glass electrode pH instruments are the most advanced 
and efficient type of pH equipment obtainable. But no glass electrode 
instrument is better than the versatility, accuracy and dependability 
of the electrode assemblies available for use with it. 


And that is another of the many vital advantages that are 
yours when you select BECKMAN pH Instruments—for Beckman, 
pioneer of modern glass electrode pH equipment, not only provides 
the finest and most advanced pH instruments, but also the industry's 
most complete line of electrodes for use with these instruments. 











~ 





HIGH pH GLASS ELECTRODES. 
Pioneered by Beckman, these 
glass electrodes permit accurate 
measurement of high pH solu- 
tions with negligible error even 
in the presence of sodium ions. 
Ideal for use on detergents. 
soaps and many other applica- 
tions where regular glass elec- 


trodes are useless. 





HIGH TEMPERATURE GLASS 
ELECTRODES. Another develop- 
ment pioneered by Beckman, 
these electrodes can be used di- 
rectly in high temperature 
process solutions to 100° C. 
(212° F.) without damage. 
Eliminates special sampling de- 
vices and greatly simplifies con- 
trol of hot processing solutions. 


's MOST COMPLETE LINE OF MODE 
Th BECKM 


RN pH ELECTRODES 


AN pH INSTRUMENTS 


Illustrated below are only a few of the more than 90 different 
types of interchangeable Beckman pH Electrodes that assure maxi- 
mum accuracy, convenience and wide-range adaptability to users of 
Beckman pH Meters—the pH instruments that are the recognized 
standard of the industry. 


No matter what your pH problem, there is a Beckman pH 
Instrument and a Beckman Glass Electrode assembly to meet your 
exact requirements for both industrial and research applications. 
So why restrict your operations with anything less than the complete 
pH facilities provided by Beckman? 














RUGGED DUTY GLASS ELEC- 
TRODES. Still another Beckman 
development, these electrodes 
are specially designed for direct 
immersion in tanks and flow 
lines where abrasion is severe 
(paper pulps, ore slurries, ete.). 
Not only abrasion resistant, but 
also withstand more than 100 


Ibs. pressure on immersion end, 








PENETRATION TYPE GLASS 
ELECTRODES. The pointed ap- 
plication end greatly simplifies 
direct pH measurements of 
cheeses, fish, fruits and similar 
semi-solids where penetration of 
outer surface is desired for in- 


ternal pH measurements, 











SURFACE TYPE GLASS ELEC- 
TRODES. On these Beckman 
electrodes the application end is 
nearly flat in order to simplify 
pH measurements on skin, hides 
and moist surfaces of materials 
where pH measurements of outer 


surfaces are desired. 
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IMMERSION AND FLOW TYPE 
ASSEMBLIES. Can be placed di- 
rectly in flow lines, vats, tanks, 
etc., to permit direct and con- 
tinuous pH measurements on 
process solutions. Far simpler, 
quicker and more accurate than 
sampling devices. Can he used 
with various types of Beckman 
electrodes. 
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MICRO GLASS ELECTRODES. 
One of dozens of specialized 
Beckman pH electrodes for 
science and laboratory investi- 
gations, This type permits quick, 
convenient and accurate pH 
measurements on samples of less 


than one drop. 








HYPODERMIC GLASS ELEC- 
TRODES. One of many special- 
ized Beckman pH electrodes for 
medical use. In this type, 0.5 
ml blood samples can be injected 
from hypodermic needle through 
membrane with minimum = ex- 
posure to air. Other types are 


also available. 


THE ABOVE ARE ONLY TYPICAL of the wide selection of glass electrodes avail- 
able for use with Beckman pH Instruments... one more reason why Beckman 
pH Instruments are recognized throughout the world for their dependability, 
RB: accuracy ond versatility. Beckman Instruments, National Technical Laboratories, 
F; South Pasadena 23, Calif. 
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McKee keeps pace 


with a progressive industry 








with constant improvement 


in refinery design, engimeering 





and construction. 
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Sour Crude Ratio Not 


Likely to Increase 


Refiners Are Told at API Meeting 


CHICAGO — The best refining 
brains from all over the country con- 
verged on the Stevens Hotel here 
Nov. 10-14, to get the lowdown on 
one of their most pressing operat- 
ing problems—handling sour crudes. 


They learned what the outlook on 
sour crude supply is, what quality 
of products are produced from sour 
crude, and how one company com- 
bats the difficult corrosion prob- 
lems of sour crude processing. 


The occasion was the 27th an- 
nual meeting of the American Petro- 
leum Institute. One of the three 
group sessions of the API Refining 
Division held as part of the annual 
meeting was devoted to “Sour Crude 
Processing” and inciuded three papers 
on the subject. 


Supply Situation Not Rosy 


On the sour crude supply situa- 
tion, as presented in a paper by H. 
M. Smith and O. C. Blade, of the U. 
S. Bureau of Mines Petroleum Experi- 
ment Station, Bartlesville, refiners 
learned that: 


1—In 1946 the total production 
of high-sulfur crude oils reached a 
new high, and the ratio of high-sul- 
ful crude oils produced to low-sul- 
fur crude oils was also an all-time 
peak value. 


2—The relative sulfur content of 
estimated reserves of the country, 
however, show approximately the 
Same pattern in distribution as do 
the sulfur contents of crude oils cur- 
rently produced, which would in- 
dicate that, until new fields of con- 
Siderable magnitude are discovered, 
the ratio of high-sulfur to low-sul- 
fur oils should not change materially. 


By WILLIAM F. BLAND 
Engineering Editor 


3—Most of the major fields of 
the country are now producing a 
greater volume of high-sulfur crude 
oil than at any previous time, both 
in terms of millions of barrels pro- 
duced and as a percentage of the 
nation’s total oil. 

The authors presented extensive 
charts showing the quantity and per- 
centage of sulfur-containing crudes 





API ARTICLES 
In this issue 


In PETROLEUM PROCESSING 
this month you will find three 
articles covering the most im- 
portant papers presented at the 
recent meeting of the Ameri- 
can Petroleum Institute: 

“Where Does the Sulfur Go?” 
—page 935—the complete text 
of a paper describing what hap- 
pens to the sulfur in sour crude 
when it is processed into fin- 
ished products. 

“Sour Crudes — Equipment 
Protection” —page 967—the ma- 
jor portions of a paper telling 
how one refinery protects its 
equipment from the corrosive 
effects of sour crude. 

“Tests on Cracking Catalysts 
Used in Control of Commercial 
Units’’—page 945—a staff-writ- 
ten review of each of 14 papers 
presented at a symposium on 
the testing and evaluation of 
cracking catalysts. 
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produced in nine major production 
areas of the U. S. every fifth year 
since 1915. 


In 1915, according to their figures, 
only 34% of the crude produced was 
classed as high-sulfur—over 0.5% 
sulfur; last year, however, the pro- 
duction of high-sulfur crude had 
risen to 42% of total crude produc- 
tion. An even higher percentage of 
high-sulfur crude was produced both 
in 1925 (44%) and in 1930 (43%), 
but the quantity of such crude pro- 
duced was considerably less, of 
course, since our total crude pro- 
duction today is about double what 
it was in that earlier period. 


The industry-wide seriousness , of 
the sour crude processing problem to- 
day was emphasized by the authors 
in one point they brought out strong- 
ly, ie. that production in 1925 and 
1930, although it had almost the same 
percentage of high-sulfur crudes as 
of today, was confined largely to the 
California area, except for the Smack- 
over (Ark.) production. “For this 
reason,” they continued, “it did not 
affect mid-continent and eastern re- 
finers, but today’s production of 
high-sulfur crudes comes not only 
from California, but from the West 
Texas, Mid Continent, Southeastern 
and Rocky Mountain areas.” 


Hope Shines Feebly 


One ray of hope did shine:through, 
howeyer, when the authors made a 
comparison of 1946,.crude produc- 
tion with estimated reserves: They 
presented one chart showing 1946 
production according to the percent- 
ages of various sulfur groups, and a 
second chart showing estimated crude 
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oil reserves as of Jan. 1, 1947, also 
according to the same sulfur groups. 

“The most striking thing about the 
reserves chart,” they concluded, “is 
that it almost exactly duplicates the 
production chart for 1946. This would 
certainly seem to indicate that crude 
oil is being produced in almost all of 
the fields at a constant ratio to the 
reserves available in these fields. 
The significant feature of this fact 
is that, as long as crude-oil demand 
requires full production from all 
fields, no change can be expected in 
the quantity of high-sulfur crude oil 
that will be produced. 

“The only factors that could make 
a change would be: (1) -a decrease in 
demand that would decrease the im- 
portance of the high-sulfur oil; or 
(2) discovery of new fields. These 
fields might yield low-sulfur oil 
which, of course, would increase its 
proportion; but, on the contrary, the 
new fields may have high-sulfur oil, 
and the ratio of high- to low-sulfur 
crude oils would become even greater 
than at present.” 

Data on what happens to the sulfur 


when a sour crude is processed was 
presented in the second paper at the 
session—‘“Where Does the Sulfur 
Go?” by M. J. Fowle and R. D. Bent, 
Atlantic Refining Co., Philadelphia. 
The complete text of this paper is 
published in the current issue of 
PETROLEUM PROCESSING, beginning on 
page 935. 


In their paper, the authors dis- 
cussed the distribution of sulfur in 
products when processing sour crude 
by various methods: distillaXion, vis- 
cosity breaking, reforming, thermal 
cracking and catalytic cracking. They 
also covered treating operations, in- 
cluding mercaptan extraction, acid 
treating, and catalytic desulfuriza- 
tion. 


How to Protect Equipment 


The third and final paper on the 
program—‘Sour Crudes— Equipment 
Protection” by E. Q. Camp, Humble 
Oil and Refining Co., Baytown- 
discussed some of the major corro- 
sion problems experienced by Hum- 
ble in processing sour crudes and the 
methods used to overcome them. The 


principal portion of Mr. Camp’s 
paper is also published in this issue, 
page 967. 

Corrosion, according to Mr. Camp, 
is one of the major problems con- 
fronting the designer and operator 
of refinery equipment, with losses, 
according to one estimate, being 
equivalent to approximately 1 cent 
per gallon of gasoline produced. In 
addition to the usual corrosion prob- 
lems experienced by most industries, 
Mr. Camp continued, the refining in- 
dustry has some all its own—pri- 
marily those which arise as a result 
of the presence of corrosive sulfur 
compounds and of chlorides of mag- 
nesium and calcium in the crude 
oils. The major offenders in this re- 
spect, he pointed out, are the sour 
crudes, which are being processed 
today in increasing quantities. 

His paper covered both low-tem- 
perature corrosion (below about 500 
F.) and high-temperature corrosion 
(above about 500° F.), and the pro- 
tective measures employed by Hum- 
ble for tanks, lines, distillation equip- 
ment and cracking units. 





Burton Acclaimed Father of Modern Refining Technology 








F OR developing with his associates the first com- 
mercially successful cracking process, Dr. Wil- 
liam M. Burton, the father of modern petroleum re- 
fining technology, has been awarded the American 
Petroleum Institute Gold Medal for Distinguished 
Achievement. 


Presentation of the medal and citation was made 





Dr. William M. Burton (left) with the API Gold Medal 
for Distinguished Achievement and Citation, just pre- 
sented to him by William R. Boyd. Jr., institute president 


Nov. 12 before several thousand representative of all 
branches of the industry attending the API’s 27th 
annual meeting in Chicago. It was the institute’s 
second such award, the first having been given last 
year to the late Henry Ford for his work in de- 
veloping mass-production techniques. 

Dr. Burton was born in Cleveland Nov. 17, 1865, 
and received his AB degree from Western Reserve 
University in 1886 and his PhD degree from Johns 
Hopkins in 1889. In 1890 he joined Standard Oil Co. 
as its first chemist at the Whiting, Ind., refinery. He 
became general superintendent in 1895, a member of 
the board of directors in 1911, vice-president in 
1915, and president in 1918. He resigned the 
presidency in 1927, but continued in an advisory 
capacity as a member of the board until 1928. He 
is at present a resident of Cambridge, Mass. 

About 1909, with Dr. Robert E. Humphreys, who 
had come to Whiting from Johns Hopkins in 1900, and 
Dr. F. M. Rogers, who joined the staff in 1908. Dr. 
Burton started the first work ever done in an indus- 
trial laboratory toward producing petroleum products 
by chemical change—work which eventually resulted 
in the thermal cracking process. 

Many difficulties were encountered in getting the 
process going. Equipment was poor and knowledge 
slim. The pressures and temperatures were exceed- 
ingly high for the metals then available, and even 
the 100-gallon pilot plant still had to be caulked 
because it leaked at the rivets and seams when hot. 

When Dr. Burton requested $1,000,000 from the 
board of directors of the then parent Standard Oil 
Co. to build a battery of production stills, he was 
told ‘‘No, you’d blow the whole state of Indiana into 
Lake Michigan!” 

When Standard of Indiana became an independ- 
ent unit, Dr. Burton tried again—this time for 


$800,000. Asked, “are you sure you know what you're » 


doing?” he replied simply “Yes!” and got the money. 
Events have since proved that* he did know what 
he was doing. 
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Synthesis of Hydrocarbons from Gas 
As Projected for Stanolind Plant 


A Condensation of a Paper 
By GEORGE ROBERTS, Jr., Stanolind Gas & Oil Co. 


First description of some of the details of operation and anticipated 
operating data have been projected for one of the two synthetic-fuels-from- 
natural-gas plants in this country. Plant is that of Stanolind Oil & Gas Co. 
in the Hugoton Field in Kansas and was described in a paper entitled 
“Synthetic Liquid Fuels and Chemicals from Natural Gas” delivered by 
George Roberts, Jr., of Stanolind before the meeting of the Independent 
Natural Gas Assn. of America in Oklahoma City, Oct. 24. 


Although the effect of processing variables in commercial operation 
of such plants is not yet known, it is stated that maximum yields of hydro- 
carbons are obtained in the temperature range of 550 to 650° F. and pres- 
sure range of 250 to 500 psi. in the fluidized catalytic reaction step. The 
limits of space velocities on yield have not been fully determined. 


This article is a condensation of Mr. Roberts’ paper. 


WO commercial plants for the 

manufacture of synthetic hydro- 
carbons from natural gas by the 
American-improved version of the 
Fischer-Tropsch process are at pres- 
ent being designed and engineered in 
this country. 

One is by the Stanolind Oil & Gas 
Co., probably to be built in the Hugo- 
ton Field of Kansas, and the other is 
by the Carthage Hydrocol Corp., 
whose plant is to be built at Browns- 
ville, Texas. 


The plant at Hugoton is to be 
100% Stanolind owned and operated. 
It will have a nominal rating of 6000 
b/d of synthetic liquid hydrocarbons 
of which about 80% is premium- 
grade gasoline. In addition to the 
hydrocarbon product, approximately 
320,000 lbs./day of oxygenated chem- 
ical compounds are to be recovered. 
A very brief description of the gen- 
eral Hugoton plant design follows. 

Oxygen is supplied from two iden- 
tical plants having a combined nom- 


inal capacity of 53 million cu. ft./day 
of oxygen. Approximately 109 mil- 
lion cu. ft./day of natural gas con- 
taining 22% nitrogen are supplied to 
the gas generator. The reaction tem- 
perature is in excess of 2400° F., 
and almost complete conversion of 
the natural gas and hydrogen oc- 
curs. Incidentally, the operating 
pressure is about 300 psi. No cata- 
lyst is used in this first step. 


The product gases from the reac- 
tion zone are cooled to 600° F. in a 
waste heat recovery system in the 
gas generator. This heat is utilized 
to generate steam for plant use. 
Gases leaving the generator are fur- 
ther cooled by exchangers before en- 
tering a scrubber tower where any 
carbon formed in the generator is 
removed by water. 


Part of the gas from the scrubber 
is heated to about 700° F., steam is 
added, and the mixture is passed 
over a catalyst to form hydrogen 
and carbon dioxide. The purpose of 
this operation is to control the ratio 
of hydrogen to carbon monoxide in 
the fresh feed synthesis gas. This 
product is then cooled and combined 
with the main gas stream and sent 
into the reaction system. 

Fresh feed gas from the gas gen- 
eration plant is mixed with recycle 
gas from the product separator and 
introduced into the bottom of the 
reactor. The catalyst is iron pro- 
moted with alkali and prepared by 
grinding iron oxide to about 100 
mesh, adding the promoter, and re- 
ducing the iron oxide to the metal 
with hydrogen. The catalyst is “‘flu- 
idized” by the upward flowing gas, 
and the heat of reaction is trans- 
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Fig. 1—General flow diagram for synthesis feed gas generation 
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ferred to internal cooling tubes in 
which steam is generated at a pres- 
sure of 675 psi. 

Two reactors capable of operating 
between 250 and 500 psi. process a 
combined feed gas of almost one bil- 
lion standard cu. ft./day. The steam 
generated in cooling the reactors 
amounts to about 350,000 Ilbs./hr. 
The reactor effluent at 600 to 650° 
F. passes through heat exchangers 
and coolers to the primary product 
separator. 

From this separator one gas 
stream and two liquid streams are 
withdrawn. A portion of the gas 
stream is recycled to the reactor 
while the net product gas enters the 
product recovery section of the plant. 
The hydrocarbon stream, containing 
oil-soluble chemicals, may be proc- 
essed for recovery of the chemicals 
or passed directly to refining facili- 
ties. The water stream, containing 
water-soluble chemicals, is processed 
for recovery of the oxygenated com- 
pounds. 


Since a large portion of the hydro- 
carbon product is in the light ole- 
fin range, the net product gas must 
be stripped of these components to 
augment the plant yield. Adsorption 
on silica gel or carbon, acid absorp- 
tion of the olefins, and conventional 
oil absorption were all considered for 
this service. Conventional oil ab- 
sorption was finally selected. The re- 
covered propylenes and butylenes are 
polymerized over solid phosphoric 
acid to yield approximately 1000 b/d 
of polymer gasoline. 

The C,; + liquid hydrocarbons 
from the primary separator and gas 
recovery system are processed in a 
fluid isoforming operation utilizing 
commercial type catalyst to produce 
gasoline and heavier fuels. Oxygen- 
ated compounds charged to this oper- 
ation are converted to the corre- 
sponding olefins, and, if the oil-sol- 
uble chemicals are not removed in 
prior processing, the yield of gaso- 
line is augmented. 

Hydrocarbon synthesis over iron 
catalyst is possible to some degree 
at any temperature above 500° F. 
Maximum yields of condensable hy- 
drocarbons with a given type cat- 
alyst are obtained in the range of 
550 to 650° F. Higher temperatures 
produce large quantities of methane 
and other light hydrocarbons. 

The exact effect of variations in 
pressure is not thoroughly known. At 
extremely high pressure, chemicals 
were synthesized by the Germans, 
and hydrocarbons were obtained as 
contaminants; however, since the 
project now planned is primarily in- 
terested in synthetic hydrocarbons, 
it will operate in the range of 250 to 
500 psi. 

The yield of useful products from 
the synthesis can be controlled to 
some extent by variations in the re- 
actor feed gas. The limits of space 
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Fig. 2—Flow diagram for synthesis reaction section 


velocities in this synthesis have not 
been fully determined. 

The hydrocarbons produced in the 
synthesis consist principally of 
straight chain compounds all the way 
from methane to solid waxes. The 
major portion of the product is un- 
saturated in structure with small 
amounts of corresponding saturated 
paraffins. This is in sharp contrast 


“to products obtained with the Ger- 


man cobalt catalyst wherein the par- 
affins predominated. The practical 
effect of this is that unsaturated 
products have a much higher octane _ 
rating than the corresponding paraf- 
fin product. 

The oxygenated chemicals formed 
in the synthesis reaction include al- 
cohols, aldehydes, ketones, and acids. 
In a plant producing 6000 bbls./ 
stream day of synthetic hydrocar- 
bons, the estimated yield of chemi- 
cals is about 420,000 lIbs./day, of 
which about 320,000 lbs. are prefer- 
entially water soluble and are in the 
water condensed from the reactor 
product. The heavier chemicals are 
preferentially soluble in oil and are 
obtained with the liquid hydrocarbon 
stream from the product separator. 


Following are the hydrocarbon 
products to be made from the Hugo- 
ton type of operation: 


Product b/d 
NS oe oe org bce se 5400 
po eer 700 
er 300 

Se ree 6400 


The finished gasoline product has 
a clear A.S.T.M. octane number of 
approximately 80, and the heavier 
products compare favorably with 
similar refined products from petro- 
leum. The water-soluble chemicals 
obtained from the primary separa- 
tion constitute an appreciable portion 
of the yield of useful product. Some 
of the compounds identified in the 
crude mixture are as follows: 


Alcohols—methanol, ethanol, 
panol, butanol, and pentanol. 

Aldehydes—acetaldehyde, propanal, 
butanal. 

Ketones — acetone, methyl-propy]l, 
and methyl-butyl ketone. 

Acids—acetic, propionic, and bu- 
tyric. 

These chemicals occur in quite a 
complex mixture, and have presented 
a challenging problem to research 
people to find ways and means of 
separating and purifying the indi- 
vidual components. However, it can 
probably be definitely stated. that 
this can be done successfully to make 
specification products. 

In addition to the two plants to 
carry out the primary synthesis proc- 
ess at Hugoton and Brownsville, 
there will also be a commercial 
chemicals separation and purification 
plant at each of these locations. Both 
of these plants will be owned and 
operated by Stanolind Gas & Oil Co. 
A contract has been made with the 
U. S. Industrial Chemicals Co. to 
handle the refined chemical products 
from these two plants. 

The economic situation in the U. S. 
‘is such that, at the present time 
and under present conditions, nat- 
ural gas is the most economic source 
for the production of synthetic fuels. 
However, the future situation may 
be such that coal as a basic raw 
material for synthetic fuels and 
chemicals will become economic. 

Preliminary attention is already 
being devoted to the improvement of 
the engineering and technology in- 
volved in the mining and utilization 
of coal for this process, and further 
work will be done as economic con- 
ditions dictate. It can be definitely 
stated that technical research and 
development has already made it pos- 
sible to give assurance that an ade- 
quate supply of liquid fuels will be 
available from natural gas and coal 
for many, many generations to come. 


pro- 
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Improved Design, Operating Techniques 
For Girbotol Absorption Processes 


By R. M. REED, Chief Chemical Engineer 
The Girdler Corp., Gas Processes Division 


The solution of operating problems in Girbotol process plants for puri- 
fying natural and refinery gases has provided a number of improvements 
which have become current standard design and operating procedures for 


the processes. 


Solution carryover due to foaming, resulting in loss of gas handling 
capacity, has been reduced by using small quantities of anti-foam agents 
such as oleyl alcohol. Sludge, such as iron sulfide or sulfur, has been re- 
moved by filtration and periodic cleaning of equipment. 


Thiosulfate and organic acid contamination, which reduces the effec- 
tiveness of the amine treating solution, has been removed by caustic soda 
with either batchwise or continuous techniques. Economic considerations 
have brought variations in the choice of treating solutions to meet corrosion 
problems; use of corrosion-resistant alloys has also been effective. Decom- 
position of amines or loss by vaporization have been relatively minor prob- 


lems and have given little difficulty. 


HE Girbotol absorption processes 

for purifying gases and liquids 
by the use of amine solutions have 
found widespread acceptance since 
the first commercial operation in 
1929, which used a triethanolamine 
solution for the removal of carbon 
dioxide from helium-bearing natural 
gas in a helium recovery plant at 
Thatcher, Col. 

At present, the Girbotol gas treat- 
ing process is the only one being in- 
stalled on a large scale for the re- 
moval of hydrogen sulfide from nat- 
ural and refinery gases, and it is be- 
ing extensively used for the separa- 
tion and recovery of carbon dioxide 
from gas mixtures. Also numerous 
installations of the Girbotol liquid 
treating processes have been made 
for purifying hydrocarbon liquids, 
such as propane, butane and natural 
straight-run and cracked gasolines. A 
typical flow diagram for a gas treat- 
ing plant is shown in Fig. 1. 

As can be expected with any proc- 
ess that has come into general use, a 
number of operating problems have 
arisen in connection with various 
Girbotol process plants. The solu- 
tion to these and similar problems 
has led to many improvements in 
plant design and operating tech- 
niques. The following are typical of 


the problems that have been encoun- 
tered. 
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(1) Solution carryover and foam- 


ing. 


(2) Fouling of solutions by sludge. 
(3) Thiosulfate accumulation in 


solutions. 


(4) Accumulation of organic acids 


in solutions. 


(5) Corrosion of equipment. 
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(6) Decomposition of solutions. 


(7) Losses of amines by vaporiza- 
tion. 

(8) Incomplete purification. 

Solution carryover from the tops of 
absorber towers has occurred in sev- 
eral plants. In common with other 
alkaline solutions, amine solutions 
will react with organic acids to form 
salts, many of which have soap-like 
properties, and will cause the solu- 


. tions to foam when present in them. 


Organic acids are present at times in 
natural and refinery gases, and in 
such cases will promote foaming in 
amine solutions. This foaming may 
seriously decrease the gas handling 
capacity of the absorber. 


Fortunately, however, it has been 
found that the addition of small 
quantities of suitable anti-foaming 
agents to the amine solutions will 
overcome the foaming tendency of 
the solutions. 


In one case, in an absorber in a 
Girbotol process plant purifying nat- 
ural gas with aqueous monoethanol- 
amine solution, solution carried over- 
head at a gas rate of i4 million cu. 
ft./day. After about 15 parts per mil- 
lion of oleyl alcohol -(ocenol) were 
added to the solution, the gas rate 


Seecy Semmmercae 


Gas Our.ar 
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Fig. 1—Flow diagram of the first Girbotol gas purification plant, at the Helium Co. 
plant in Thatcher, Col. Although several hundred plants for treating gas by this 
process have been built, flow diagrams of present installations differ in only a 


few details from that at Thatcher 
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was increased to 50 million cu. 
ft./day with no carryover occurring. 

Sludge accumulations in amine so- 
lutions have proved troublesome at 
times. The sludge, ordinarily con- 
sisting of iron sulfide and sulfur, is 
carried into the absorber as a dust 
with the gas stream. Microscopic 
examination of sludge taken from an 
amine solution has shown it to be 
identical with material present in 
core samples taken from the gas pro- 
ducing formation. 

Iron sulfide sludge will also be 
present in amine solutions in cases 
in which corrosion of pipelines and 
equipment is : occurring’ with the 
formation of iron sulfide. When pres- 
ent in sufficient quantity, iron sul- 
fide sludge may foul heat exchanger 
surfaces, erode metallic surfaces at 
points of high solution velocity and 
plug bubble tray and packed towers. 


Various: Methods Used 


Various methods have been used 
for overcoming sludge problems, such 
as the installation of iilters to sep- 
arate sludge from the amine solution, 
the periodic cleaning of equipment 
with water and with inhibited hydro- 
chloric acid, and the use of water 
scrubbers on the gas stream before 
it enters the absorber. Centrifuges 
also have been used for cleaning the 
solutions, and in some cases solutions 
rate been freed of sludge by decanta- 

on. 

Iron sulfide is not readily wetted 
by hydrotarbons, so that the dust 
does not settle out of the gas stream 
in condensate separators, but carries 
on into the absorber, where the 
amine solution scrubs it out of the 
gas. Although the sludge accumula- 
tion occurs at a rate of only a few 
pounds per day, it frequently becomes 
troublesome in natural gas purifica- 
tion plants unless some of the above- 
mentioned procedures are employed 
for removing it from the system. 


Thiosulfate Formation 


Another source of contamination of 
the amine solutions has been in the 
formation of thiosulfate. This oc- 
curs when solutions containing sul- 
fides are contacted with oxygen, pres- 
ent either in the gas stream or by 
exposure of the solutions to air. The 
most common case in which thiosul- 
fate accumulation occurs in the 
amine solution is in plants in which 
gas collected in vacuum gathering 
systems is being purified. This gas 
will frequently contain as much as 
0.5% oxygen, present due to air leak- 
age into the system. 


Oxygen is also sometimes present 
in some refinery gases resulting from 
catalytic cracking operations. When 
both hydrogen sulfide and okygen 
contact an alkaline solution, such as 
a sodium carbonate or an amine so- 
lution, oxidation of the sulfide oc- 
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curs, resulting in the formation of 
thiosulfate. 

Thiosulfates are relatively stable 
salts, and amine thiosulfate does not 
dissociate on heating like amine sul- 
fide or carbonate, so that the pres- 
ence of amine thiosulfate in the solu- 
tion decreases its effective amine con- 
centration by a corresponding 
amount. By adding caustic soda or 
soda ash to an amine solution con- 
taining amine thiosulfate, sodium 
thiosulfate will be formed and the 
combined amine will be liberated. In 
this way the effective amine concen- 
tration of the solution may be main- 
tained, until the solution becomes 
saturated with sodium thiosulfate. 


It will then become necessary to 
separate sodium thiosulfate from the 
amine solution. This may be done 
either by steam distillation, stripping 
the amine out of the solution, or by 
extraction, separating the amine 
from the solution by a. solvent in 
which the sodium thiosulfate is in- 
soluble. The operation can be car- 
ried out either batchwise, to reclaim 
a complete charge of solution at one 
time, or it may be carried out as a 
continuous operation on a small side 
stream of the amine solution. 


In addition to the traces of organic 


acids present in gas streams thai 
sometimes cause foaming in amine 
solutions, there have been a few 
cases, particularly with refinery 
gases, in which the gas streams con- 
tained sufficient quantities of organic 
acids (principally formic and acetic 
acids) so that a fairly rapid accumu- 
lation of these acids occurred in the 
amine solutions. In such cases, a 
treatment similar to that used with 
thiosulfate may be employed, namely 
to add soda to the solution until the 
sodium salts become concentrated, 
and then recover the amine from the 
solution either by steam distillation, 
or by extraction. 


\ Process Corrosion 


Corrosion of equipment has been a 
serious problem in some Girbotol 
process plants, while in other such 
plants little difficulty has been ex- 
perienced. These plants normally are 
built entirely of iron and steel, since 
amine solutions, like ammonia, will 
dissolve copper and brass and most 
alloys containing zinc or copper. Alu- 
minum has been utilized to some ex- 
tent, although it is susceptible to at- 
tack in the presence of iron sulfide. 

Absorbers usually are free from 
corrosion difficulties, although two 
cases have been reported recently in 
which corrosion cracks appeared near 
welds in absorber shells and piping 
after about two years of service. Nu- 
merous other absorbers, however, 
have given satisfactory service for 
long periods of time, and no partic- 
ular difficulty is anticipated in 
avoiding a recurrence of this type of 
corrosion. 


_ Iron Sulfide One. Cause 


Rich solution piping and control 
valves occasionally are subject to cor- 
rosion, particularly in cases in which 
erosion also occurs due to the abra- 
sive action of iron sulfide sludge in 
the solution. Control valves are nor- 
mally trimmed with stainless steel, 
but carbon steel pipe generally has a 
satisfactory service life. Heat ex- 
changers should be provided with 
suitable impingement baffles to pre- 
vent erosion. Corrosion of carbon 
steel exchanger tubes on the rich so- 
lution side has occurred at times, but 
the frequency of occurrence of such 
corrosion has not been great enough 
to warrant the general use of alloy 
tubes in solution heat exchangers. 


Reactivators have been subject to 
corrosion in a few plants. In one 
plant corrosion occurred to such an 
extent that the reactivator was re- 
placed after 5 years’ service, and in 
another plant the reactivator shell 
was protected by an outer lining after 
three years’ service. In both plants 
the natural gas being purified con- 
tains more CO, than H,S, and it 
is felt that the corrosion has been ac- 
celerated by the presence of the CO,,. 
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These plants both circulate aqueous 
monoethanolamine solutions. 

In another plant, heat exchanger 
and reactivator corrosion occurred at 
a relatively high rate with a circulat- 
ing solution that was a glycol-amine 
solution being utilized for concurrent 
H,S removal and dehydration of nat- 
ural gas, also containing more CO, 
than H,S. In this case, the corrosion 
was stopped entirely by replacing the 
glycol-amine solution with an aque- 
ous amine solution. 

This change was made after lab- 
oratory studies showed the -aqueous 
amine solution to be less corrosive 
than the glycol-amine solution. Op- 
erating results with the aqueous 
amine solution verified the laboratory 
findings. Dehydration of the gas is 
now being effected with a separate 
dehydrating solution. No corrosion 
has been reported in reactivators 
above the solution inlet or in the out- 
let pipe to the H,S cooler even 
though the concentrations of H,S and 
CoO, are high. H.S coolers have not 
corroded to any extent except in 
cases in which iron sulfide sludge has 
accumulated on the tubes, or water 
(saturated with H,S and CO,) has 
lain in contact with them. 

Reboilers have corroded in the 
same plants in which severe reacti- 
vator corrosion has occurred, but in 
most plants no serious difficulty has 
been encountered. Substantially no 
corrosion has been experienced in so- 
lution pumps, except for the abrasive 
effect of iron sulfide. No corrosion 
difficulties have been encountered in 
solution coolers. 


Steam Corrosion 


In addition to corrosion on the 
process side in Girbotol process 
plants, as described above, there have 
been other cases of corrosion report- 
ed due to corrosive steam or cooling 
water, which corroded the carbon 
steel tubes of the equipment in which 
it was used. The process corrosion 
experienced in H,S removal plants 
has not been associated ordinarily 
with decomposition of the amine so- 
lutions, but has appeared to be due 
to specific conditions of temperature 
and concentrations of H,S, CO, and 
amine occurring in certain parts of 
the equipment. 

As a result of efforts to overcome 
corrosion in this type of plant, it has 
been found that some remedial meas- 
ures are available. For example, use 
of corrosion resistant materials and 
changing operating conditions to 
avoid corrosion have given reason- 
able freedom from corrosion in sev- 
eral cases. 

Decomposition of amine solutions 
has occurred in a few cases. For ex- 
ample, the monoethanolamine in one 
pla}.t solution was completely con- 
ver‘ed to diethanolurea by reaction 
witl: carbonyl sulfide present in traces 


in the gas being purified. In another 
case monoethanolamine was converted 
into N-ethanolacetamide by reaction 
with ketene. Neither of these com- 
pounds is alkaline, and neither is 
convertible back to monoethanolamine 
on boiling in an aqueous solution. 

However, this problem can be over- 
come either by utilizing amines which 
do not react with such compounds, 
or by installing suitable equipment 
for regenerating the amine from these 
compounds. There has been no evi- 
dence thus far to indicate any thermal 
decomposition of monoethanolamine in 
aqueous solutions, even at temper- 
atures as high as 300° F. Thermal 
decomposition fas been noted in 
a few cases with glycol-amine solu- 
tions, presumably due to _ localized 
overheating. 


Amine Loss Not Serious 


Losses of amine by vaporization 
into the gas stream have not been 
a serious problem in plant operation, 
since the amines are relatively non- 
volatile, and the small quantity of 
amine that does vaporize can be 
readily recovered by a simple water 
washing section in the top of the 
absorber. A similar water washing 
operation is also carried out in the 
reactivator to prevent amine being 
lost with the acid gases leaving the 
plant. 

Incomplete purification has been a 
problem only in plants in which other 
operating difficulties have been en- 
countered, such as solution foaming 
or carryover, or in plants in which the 
necessary provisions have not been 
made for obtaining sufficient contact 
between gas and solution in the ab- 
sorber or between solution and strip- 
ping steam in the reactivator. 


Improvements in Girbotol Plants 


The first Girbotol process plants 
employed an aqueous solution of tri- 
ethanolamine as the reagent, and this 
later was replaced with monethanol- 
amine. This change was made in order 
to obtain more complete removal 
of H,S from the gas than was ob- 
tainable with triethanolamine in 
ordinary absorbers. Monoethanolamine 
is a much stronger base than tri- 
ethanolamine (the dissociation con- 
stant of monoethanolamine is 5 x 10“ 
at 20° C, as compared to 6 x 10-6 for 
diethanolamine and 3 x 10- for tri- 
ethanolamine), and consequently will 
absorb acid gases more readily than 
triethanolamine. 

Combination of an aqueous mono- 
ethanolamine solution and diethylene 
glycol has been employed to effect 
simultaneous desulfurization and de- 
hydration of natural gas with the 
same solution. In the course of early 
investigations of such amine-glycol 
solutions, it was noted that the mix- 
ture dehydrated gas more complete- 
ly than. diethylene glycol alone with 
the same water content, and this was 
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attributed to the hydration of a 
amine. 

However, the hygroscopic nature at 
the ethanolamines themselves appar- 
ently was not fully appreciated at 
that time. It now is known that mono- 
ethanolamine is considerably more hy- 
groscopic than diethylene glycol, 
while diethanolamine is about. equal 
to diethylene glycol in hygroscopicity. 

A plant installed in 1939 employed 
an 85% solution of diethanolamine to 
effect simultaneous desulfurization 
and dehydration of natural gas. The 
dehydration effected was equal to 
that obtained with diethylene glycol, 
and in addition, hydrogen sulfide re- 
moval was obtained. 

However, the relatively high vis- 
cosity of the concentrated diethanol- 
amine solution limited its effective- 
ness somewhat, and in later plants a 
solution containing monethanolamine, 
diethanolamine, diethylene glycol and 
water has been utilized for the simul- 
taneous dehydration and desulfuri- 
zation of natural gas. The viscosity 
of this solution is only about one- 
fourth that of the concentrated di- 
ethanolamine solution, so that it can 
be processed in heat exchange equip- 
ment. more effectively than the more 
viscous solution. 


Separate Gas Dehydration 


Although considerable publicity has 
been given to the use of amine-glycol 
mixtures. for the simultaneous de- 
sulfurization and dehydration of na- 
tural gas, these mixtures are’ not 
usually employed for the treatment of 
gases containing..appreciable quanti- 
ties of H,S and CO,,. It’ is generdl 
practice to dehydrate such gases 
separately after purification has” been 


_accomplished with an ‘amgeet amine 


solution. 


A modification of the basic’ Gir- 
botol process cycle, designed to in- 
crease the dehydrating power of the 
absorbent solution, has. heen pro- 
posed by George Sowards of The 
Ohio Oil Co. and has been placed in 
operation in the plant of Billings 
Gas Co. at Garland, Wyo. 

In this modified cycle a small 
portion of the reactivated solution 
is passed as a side stream through a 
second reboiler in which  substan- 
tially all of the water is boiled out of 
this portion of solution. The dehy- 
drated solution is then cooled and 
pumped into the top of the absorber 
tower above the point at which the 
main solution stream enters. The 
main solution stream removes the 
hydrogen sulfide and the bulk of the 
water vapor from the gas stream, 
while the comparatively smal] stream 
of dehydrated solution serves to de- 
hydrate the gas stream to a very 
low dewpoint. 

The steam requirements are less 
than if the entire solution were de- 
hydrated to the same extent as the 
small side stream, and better heat 
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Fig. 2—Girbotol pilot plant in the McKamie field, Ark., installed in 1941. Two re- 
activators are at the left: the tall slim tower at the right is the absorber 


exchanger performance is obtained. 
With the modified cycle in the Bill- 
ings Gas Co. plant natural gas is 
purified to a negative lead acetate 
test and the dewpoint of the gas is 
lowered 60-65° F. below the treating 
tempeature. 


Solution heat exchange equipment 
has been widely used in Girbotol 
process plants to effect heat econ- 
omies. However analytical studies of 
the operating conditions in absorbers 
and reactivators have shown that, 
under certain conditions optimum 
heat recovery can be obtained be- 
tween rich solution and acid gases 
rather than between rich and lean 
solutions. Thus a preheating section 
may be used in the reactivator to 
replace conventional solution heat 
exchange equipment. In cases where 
this type of operation is applicable, 
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an appreciable saving in equipment 
cost may be effected with no in- 
crease in utility requirements. 


H,S as High as 25% 


The quantity of hydrogen sulfide 
present in natural gas varies over 
wide limits. Much gas is entirely 
free from hydrogen sulfide, and large 
quantities contain only traces. Gas 
has been discovered recently, how- 
ever, with hydrogen sulfide contents 
of over 25%. The purification of these 
high sulfur content gases imposes 
special problems in the design of 
plants for the employment of the 
process, and also presents the prob- 
lem of the disposal or utilization of 
large quantities of hydrogen sulfide. 

Solutions for these problems were 
worked out on a large scale in con- 
nection with a Girbotol process plant 


which was installed in Arkansas for 
the McKamie Gas Cleaning Co. to 
purify 30 million cu. ft./day of naturai 
gas containing 7% hydrogen sulfide 
and 5% carbon dioxide. The hy- 
drogen sulfide recovered in this 
plant is sold to the Southern Acid 
and Sulphur Co., which converts it 
to elemental sulfur by controlled 
oxidation with air. From 60 to 75 
tons/day of elemental sulfur are pro- 
duced from hydrogen sulfide in the 
sulfur recovery plant. 


At the time the McKamie gas 
field was discovered, no gas with 
this high a hydrogen sulfide content 
was being purified for pipeline dis- 
tribution. To study the problems in 
purifying this gas and to obtain 
other useful information, the Girdler 
Corp. erected a pilot plant in the 
McKamie field and conducted a series 
of tests on the purification of this 
gas. 


This pilot plant is shown in Fig. 2. 
It will be noted that the pilot plant 
contained two reactivators and re- 
boilers, and one absorber. This was 
done so that tests could be conduc- 
ted on two-stage reactivation. It was 
found that by preliminary reactiva- 
tion of aqueous monoethanolamine 
solution at atmospheric pressure, fol- 
lowed by a second reactivation at 
higher pressure (30-45 psig.), H,S 
and CO, could be recovered separ- 
ately from the solution. 


It was also found that by operating 
single-stage reactivation at pressures 
of 30-45 psig. the acid gas capacity 
of the solution could be increased con- 
siderably over the capacities ob- 
tainable with atmospheric pressure 
reactivation. 


Tests conducted at the McKamie 
pilot plant also included comparative 
studies of aqueous monoethanolamine 
solutions, as well as amine-glycol 
solutions. It was later operated for 
several months to provide hydrogen 
sulfide for use in a sulfur recovery 
pilot plant operated by the Texas 
Gulf Sulphur Co. 


Following the McKamie pilot plant 
operations, a commercial gas treat- 
ing plant was installed for the 
McKamie Gas Cleaning Co. which 
utilizes an aqueous monoethanolamine 
solution, reactivated at 35 psig. Fig. 
3 is a photograph of the commercial 
plant. 


Another adaptation of the gas treat- 
ing process has been the development 
of plants for the purification of na- 
tural gas in remote locations, where 
no utilities other than natural gas 
are available, and where only part- 
time supervision can be maintained. 
This has been accomplished by util- 
izing direct gas heating for reactivat- 
ing the amine solution, with cooling 
by air or by heat exchange with 
the gas stream, and with solttion 
pumping by gas pressure. 

In addition to its use in the par‘ icu- 
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lar fields mentioned above, the Gir- 
botol gas treating process is finding 
widespread use at present in other 
applications such as the production 
of pure hydrogen, the recovery of 
carbon dioxide, the production of 
inert atmospheres, and the produc- 
tion of synthesis gas mixtures for 
ammonia, methanol and_ Fischer- 
Tropsch syntheses. 


Historical 


The Girbotol absorption process for 
treating gases was discovered by R. 
R. Bottoms of the Girdler Corp. who 
began studying the problem of car- 
bon dioxide removal from natural 
gas in connection with helium re- 
covery as early as 1925, and some- 
time later found that certain amines 
would react with carbon dioxide to 
form carbonates that could be de- 
composed on heating. However, none 
of the amines commercially available 
at that time was particularly suitable 
for use in a cyclic process based on 
the above reversible reaction. 


When triethanolamine became com- 
mercially available in 1928, Bottoms 
tested it for removing carbon dioxide 
from other gases, and found it suit- 
able for this purpose. An aqueous 
triethanolamine solution (25 to 50%) 
was found to absorb carbon dioxide 
quite rapidly and completely from a 
gaseous mixture, while the absorbed 
carbon dioxide was readily expelled 
from the triethanolamine solution on 
boiling at atmospheric pressure. Since 
triethanolamine is relatively non-vola- 
tile (b.p. 394° F. at 5 mm. Hg.), prac- 
tically no amine is lost when an 
aqueous solution is boiled. 


Following laboratory tests with 
triethanolamine, the Girbotol gas 
treating process was put into com- 
mercial operation in 1929 for the re- 
moval of carbon dioxide from helium- 
bearing natural gas in a helium re- 
covery plant at Thatcher, Col. where 
The Helium Co., then a subsidiary of 
Girdler Corp., had a supply of natural 
gas containing 8% helium and 15% 
carbon dioxide. The Thatcher plant 
purified about 300,000 cu. ft. /day of 
natural gas, reducing the carbon diox- 
ide content to less than 1%. 


This was accomplished by circulat- 
ing 12 gals./min. of 30% triethanol- 
amine solution through a bubble tray 
absorber to contact the gas stream (at 
300 psig. and 120° F.), with the 
solution flowing from the base of the 
absorber through heat exchangers to 
a second bubble plate tower (the re- 
activator) in which the carbon dioxide 
was stripped from the solution by 
steam generated by boiling the solu- 
tion in a reboiler at the base of the 
reactivator. The reactivator operated 
at substantially atmospheric pressure 
(temperature 215° F.) with the steam 
and carbon dioxide flowing overhead 
to a condenser, in which the steam 


was condensed and the condensate re- 
turned to the solution. 

The carbon dioxide, which was re- 
latively pure, was continuously vented 
to the atmosphere. The regenerated 
triethanolamine solution from the re- 
activator flowed through a heat ex- 
changer and cooler, and was pumped 
back to the absorber. The tempera- 
ture of the amine solution increased 
about 15° F. in passing through the 
absorber, due to the exothermic heat 
of the reaction between triethanola- 
mine and carbon dioxide. A flow dia- 
gram of the Thatcher plant is shown 
in Fig. 1. 

Although several hundred plants 
for employment of the Girbotol gas 
treating process have been built since 
1929, the flow diagrams of many pres- 
ent-day plants will differ from that 
of the Thatcher plant only in a few 
details, such as the location of the 
solution pump, and the arrangement 
of the reserve tank. The Thatcher 
plant operated successfully for about 





two years, and was shut down when 
the helium plant suspended opera- 
tions. 

Following the successful use of 
triethanolamine solution for remov- 
ing carbon dioxide from natural gas 
at Thatcher, studies were begun to 
find further applications for this 
amine absorption process. The next 
commercial application for the Gir- 
botol gas treating process was the re- 
moval of hydrogen sulfide from na- 
tural gas. Two plants were placed in 
operation in 1930. Like the Thatcher 
plant, triethanolamine was used as the 
reagent at first, but later, monoe- 
thanolamine was placed in these 
plants and they have since been 
operated with the latter material. 
One of these plants, that of Shell 
Petroleum Corp. at Hobbs, N. M., was 
the first in which the lead acetate 
paper test was employed for testing 
the purified gas for the presence of 
H,S, a test which has since been 
widely used for checking the purity 


Fig. 3—Commercial gas treating plant installed by Girdler at McKamie, Ark., fol- 
lowing work with pilot plant shown in Fig. 2. First column at left is the reactiva- 
tor: two absorbers in the center; dehydration reactivator and absorber at the right 
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SIMPLICITY... 


only 3 parts to remove 


for withdrawal of G-FIN Element 








Disconnect union, remove cone plug lock 
nut and shell cover . . . that’s all you 
need to do for withdrawal of the G-Fin 
element from a G-R Twin G-Fin Section. 
This SIMPLICITY . . . inherent in the Twin 
G-Fin Section . . . is typical of the prac- 
tical, distinctive design of these units. 
Additional features obtainable ONLY in 
the G-R Twin G-Fin Section are the 
mechanical bond between fins and pipe, 
proven by years of service and more 
than 40,000 installed sections . . . the 
removable return bends which make 
cleaning of tube interiors easier... 
G-Fin elements are also available in non- 
ferrous as well as ferrous alloys. 


7 


More than a dozen othér advantages have made these stancard 
interchangeable units the most widely used heat exchangers on 
adapted to a greater Variety of condensing, 
cooling and heat exchange services than. any. other design of 
heat transfer apparatus. Bulletin 1614 explains why ... your 


the market... 


copy senf on request. 


THE GRISCOM-RUSSELL CO. = 
New York 17,N.Y° = 


285 Madison Ave. ° 


= ...an EXCLUSIVE 
TWIN G-FIN 
SECTION Feature 








As a FUEL OIL HEATER... 
The Twin G-Fin Section is readily 
installed, easy to clean, and pro- 
vides flexible capacity for varying 
fuel requirements with several iden- 
tical units, making 100% spare 
heating capacity unnecessary. 


As a multi-service 

HEAT EXCHANGER .. . 

The Twin G-Fin Section has finned 
tubes which compensate for heat- 
ing or cooling fluids of low heat 
conductivity; and can be used on 
many different heat transfer serv- 
ices: without change in design. 








GRISCOM-RUSSELL 





Pioneers in Heat Transfer Apparatus 
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of: purified natural gas for pipeline 
distribution. 


Another application of the Girbotol 
gas treating process of interest to the 
petroleum industry is its use for the 
removal of carbon dioxide from hy- 
drogen produced by the hydrocarbon- 
steam process. A plant of this type 
was placed in operation by the Stand- 
ard Oil Co. of Louisiana at Baton 
Rouge, La., in 1931. The carbon 
dioxide content of the hydrogen is 
reduced from approximately 20% to 
less than 0.2% in a single absorber. 
This plant used a triethanolamine so- 
lution at first, followed by diaminoiso- 
propanol solution which for a time 
appeared to have more advantageous 
properties, after which monoethano- 
lamine solution has been used, since 
the latter was found to be the most 
suitable reagent for this particular 
type of scrubbing operation. 


Purification of natural gas by the 
Girbotol process for pipeline distri- 
bution was first practiced commerci- 
ally in 1937 by the Cities Service Gas 
Co. at Lyons, Kansas. The Lyons 
plant employed an aqueous solution 
of monoethanolamine, and reduced the 
H,S content of the gas from 150 
grains per 100 cu. ft. to a negative 
test by lead acetate paper. 


Several other Girbotol process na- 
tural gas purification plants were in- 
stalled in Kansas shortly after the 
Lyons plant. These plants all purified 
natural gas for pipeline distribution, 
removing about 50 grains of hydrogen 
sulfide per 100 cu. ft. from the gas. 
Since diethylene glycol had been 
used commercially for dehydrating 
sweet natural gas somewhat earlier 
than this, a combination of aqueous 
monoethanolamine solution and die- 
thylene glycol was tried out in one 
of these plants to effect desulfuriza- 
tion and dehydration simultaneously. 
The operation proved successful, and 
amine-glycol solutions therefore were 
used also in other plants. 


The first application of the Girbotol 
gas treating process to the removal 
of hydrogen sulfide from refinery 
gases was in 1938, at the Atlantic 
Refining Co. refinery near Port 
Arthur, Texas. This plant purifies 
the overhead gas stream from a gaso- 
line stabilizer, reducing its H,S con- 
tent from 300 grains of H,S per 100 
cu. ft. to less than 10 grains. The 
plant capacity is 8,000,000 cu. ft. per 
day, and an aqueous diethanolamine 
solution is employed as the reagent. 


A Girbotol liquid treating process 
was applied to the purification of 
liquid hydrocarbons (gasoline) in 
1942, in a plant near Charleston, W. 
Va., for the Virginian Gasoline and 
Oil Co. This plant purifies 1000 b/d 
of natural gasoline, reducing its H,S 
content front 50 grains per gal. to 1 
grain, utilizing an aqueous diethanol- 
amine solution. 
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Oil-filled Valve Trap Mitigates Corrosion 
On Furfural Solvent Lube Refining Unit 


By E.K. DEWEY, Jr., Metallurgist, Manufacturing Department 
Continental Oil Co., Ponca City, Okla. 


FREQUENTLY encountered 

problem with relief valves on 
processing towers is corrosion of 
valve seats, discs and guides by cer- 
tain tower products constantly in 
contact with them. This results in 
either sticking of working parts or 
leaking, neither of which can be tol- 
erated. 

Continental Oil Co. has successful- 
ly solved this problem at its Ponca 
City refinery by means of the instal- 
lation shown in the accompanying 
photographs and sketch, Fig. 1. In 
essence, the idea consists of a trap 
filled with non-corrosive liquid, which 
prevents direct contact of tower 
liquid with the valve except when the 
valve “pops”, and a system of drains 














which keep the valve free of liquid 
when not in operation. 

As installed on the furfural tower of 
a solvent lube refining unit, the pho- 
tographs show two views of the valve 
mounted on the side of the tower. 

The trap, or loop, is filled at in- 
stallation with Conoco’s “Dectol me- 
dium,” equivalent to an SAE-30 oil. 
If the valve “pops,” the oil is re- 
placed by pumping it into the loop 
through the 1-in. connection at the 
bottom. This bottom connection also 
serves to check for and drain off any 
water which may accumulate. 

The initial installation has been so 


Fig. 1—Below: simplified sketch of trap 
arrangement on relief valve of furfural 
tower at Continental Oil’s Ponca City 
refinery. Trap is filled with SAE 30 oil 
or its equivalent as shown by the shad- 
ing. At left is a photo of the unit show- 
ing connection at bottom of loop for 
draining and filling trap. At right is 
another view of the device 
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successful that the method has been 
extended to other trouble spots on 
the solvent units. Maintenance has 
been reduced and safety and depend- 
ability increased. Conoco’s inspec- 
tion department has conditionally 
approved the method, which was de- 
veloped by Mr. J. P. Sinnes, foreman 
of lube solvent units at Ponca City. 





Save 83% in Maintenance Labor 
By Change in Exchanger Bolts 


Close working quarters and hot 
equipment led maintenance engineers 
at Sun Oil Co.’s Marcus Hook refin- 
ery to develop an improved method of 
bolting end plates on high-pressure 
heat exchangers, resulting in an 83% 
saving in labor. 

The improvement was in the use of 
shorter stud bolts with flat-sided, 
pentagonal heads, as shown in Fig. 2 
at B. Previous method, shown at A, 
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EXCHANGER 











Ay ZS 
REGULAR HEX. STUD BOLT-II" LONG 


REAR FLANGE NOT NEEDED 








FLAT-SIDED PENT. 
STUD BOLT 
ONLY 31/2" LONG 


Fig. 2—Improved bolting method for 
end plates at (B). Previous method us- 
ing long bolts is at (A) 


was use of a regular hexagonal head 
stud bolt 11 in. long. 

With the old method, workmen had 
to reach between the hot exchanger 
and its closely adjacent neighbor so 
as to hold the bolt head with a wrench 
while he tightened the nut. With the 
new method, the flatesided bolthead 
bears against the exchanger casing, 
thus eliminating the necessity of hold- 
ing it with a wrench. 

The maintenance job on a bank of 
high-pressure heat exchangers used to 
require 3 men working 8 hours for a 
total of 24 man-hours. Now, 2 men 
can finish it off in 2 hours. 





plant. 


tenance foremen. 
with truck body, seen at right. 


ment in these. 





Use Motor Scooters to Get Around 
Sprawling Refinery at Wood River 





Three types of motor scooters enable Standard Oil Co. (Indiana) per- 
sonnel to reach quickly widely-scattered locations in the Wood River, IIl., 
The three-wheeled, side-car type shown at left, is assigned to the 
control laboratory for sample-takers and to general utility workers. 
The two-wheelers, seen in the center, are used by operating and main- 
Particularly valuable are the three-wheeled scooters 
Tool room, electric shop, inspection de- 
partment, and survey crews haul valves, tools, and small but heavy equip- 
Valve, inspectors like them for transporting valves to 
a central location where specialized test equipment is available, rather 
than bringing test facilities to the field 











“Straddle” Support Among Improvements 
In Huge Refinery Blowdown Vapor Stack 


By JOHN C. ALBRIGHT 


O DESIGN, fabricate, and erect 

a refinery blowdown vent stack 
of ample capacity and_ sufficient 
height to insure complete safety to 
personnel and property requires con- 
siderable study, particularly when 
the top of the stack must reach a 
point some 200 ft. above the concrete 
foundation. 

These, and other problems, con- 
fronted the design engineers of Union 
Oil Co. of California when the old 
vapor disposal stack and receiving 
vessel in the Wilmington refinery 
approached the end of its serviceable 
life. 

The problem of preventing deteri- 
oration of the steel walls of the unit 
from corrosive attack by acid water 
collected in the receiving vessel en- 
tered into the design of the new 
equipment. The installation is now 
protected with all facilities econom- 
ically practicable. 

Stack itself is a cylinder, 36 in. 
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outside diameter and about 180 ft. 
high. Its wall thickness is 14 in. for 
the lowest 28 ft., with the remainder 
formed from % in. stock. Weight, 
including ladders, guy-line lug rings, 
and steam lines is approximately 15 
tons. 


Use Plant Steam System 


A steam line is laid from the reg- 
ular plant steam supply to the unit 
and extended to the top of the stack 
where it is connected to a pipe ring. 
Equipped with 36 nozzles inclined to- 
ward the center of the circle, this 
pipe ring acts as an aspirator and 
vapor diffuser. Steam flow is auto- 
matically controlled for use only 
when vapors pass through unit and 
out of stack. 

Because of the weight of the stack, 
it was not considered good engineer- 
ing practice to mount it directly upon 
the top outlet of the vapor receiving 
vessel. Instead, a support of wide 


flange structural steel was built. 
“Straddling” the receiver, this struc- 
ture supports the entire 15 tons of 
the stack. It is sheathed in concrete 
as protection against high tempera- 
ture warping in case of fire. 


Two reasons are advanced for use 
of the straddle type support. One is 
to eliminate as much stress as pos- 
sible on the receiver; the other is to 
provide facilities for replacing the re- 
ceiver when corrosion conditions war- 
rant without disturbing the stack 
setting. 


The receiving vessel, which dis- 
poses of all the released vapors from 
approximately half the Wilmington 
refining facilities, is 20 ft. high and 
18 ft. outside diameter, all welded 
construction with a conical roof. It 
is connected to the stack with ordi- 
nary piping of proper diameter. No 
expansion joint is needed; the cone 
top absorbs any vertical expansion. 

Because the greatest damage in 
the previous installation was attrib- 
uted to corrosion and the receiver 
took the brunt of these conditions, 
the floor and the walls to a height 
of 74. ft. have been covered with 8 
Ib. sheet lead. 


All seams are burned and the 
sheets of lead are retained against 


PETROLEUM PROCESSING, December, 1947 











° Pl ' we ‘VV 


wew FF wTrwame &| & 




















PLANT AT 
PHILADELPHIA, PA 


PLANT AT 
ELYRIA, OHIO 





PLANT AT 
CLEVELAND, OHIO 


THESE HARSHAW PLANTS ARE AT YOUR SERVICE 


PLANT AT 


3 nities Leon When you buy Harshaw prod- 
; : ucts, you have comfortable 
assurance of continued supplies, good 
prices, and adequate service. Four plants, 


located strategically with respect to raw 





HARSHAW FLUORIDE materials, labor supplies, shipping facilities, 
PRODUCTS ; ; 
Acid Fluoboric and markets, meet your requirements with 


Acid Hydrofivoric, Anhydrous 

Acid Hydrofivoric, A ° — eee.°@ 

Acid Hydrofvesilicie maximum efficiency. The facilities of these 
Ammonium Biflvoride 

A i Fluobor ° 
Pens plants are augmented by production from 
Barium Fluoride 

ree a six affiliate plants, and by warehouse stocks of 


Calcium Fluoride 
pone nang our nine sales offices located in principal cities. 
i 

——— Order from Harshaw with confidence. 

Magnesium Fluoride 
seni ae 
Nickel Fluoride 
Potassium Bifivoride 
Potassium Fluoborate 
enn tHE HARSHAW CHEMICAL <o. 
Sodium Fluoborate 

a one 1945 East 97th Street, Cleveland 6, Ohio 


Zine Silicoftuoride BRANCHES IN PRINCIPAL CITIES 
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This man is work 
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ing for you! 


,.» testing E. P. lubricant additives that can improve your products! 


PA RAM | NS “mnake good motor oils and fuels better! 


ADDITIVES WITH A BACKGROUND 
PARAMINS ADDITIVES ARE KNOWN BY THE BRANDS: 


P 


NE —for improved viscosity index. 
P 


OW —for lower stable pour. 

AC —for tacky oils and greases. 

oID —for E.P. gear oils. 

OX —for inhibiting corrosion and oxidation. 
HEEN —for better appearance. 


YNE —for improved gasoline. 
ENJAY COMPANY, INC. 

















Copyright 1947, Enjay Company, Inc. 
15 WEST 5lst STREET, NEW YORK 19, N. Y. 


*Trade Mark 
a 


AGENTS AND DISTRIBUTORS THROUGHOUT THE WORLD 
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Above: Union Oil's vapor vent stack before installation on top of straddle support. 

Left top: Stack is in place, straddle support has been covered with concrete in- 

sulation; various pipelines carry blowdown vapors from refinery units to receiver. 

Left center: vapor diffusing steam nozzles in ring at top end of stack. Left bottom; 
receiver sidewall showing fastening method for inner lining 




















the walls with square steel washers 
held snugly against the lead with 
stove bolts. Each retaining washer, 
including the bolt head, is covered 
with a lead patch which also has 
burned seam construction. The ves- 
sel, including lead lining, but exclu- 
sive of fittings and connecting pip- 
ing, weighs about 2014 tons. 

Vapor inlet connections are all 
placed on one side of the receiver, 
with nozzles entering through flanged 
connections. Each nozzle serving 


separate lines is lead lined from the 
block gate valves to the end inside 
the vessel. ‘ 

To prevent undue erosion of the 
lead lining of the receiver, each 
nozzle is bent downward at an angle 
of about 35° so as to spread the va- 
pors more evenly over the floor and 
opposite sidewall. 

Liguids collecting in the receiver—- 
water and oil—are released through 
liquid level control instruments aad 
drained to the refinery waste pond. 





URBINING tubes in high-pres- 
sure boilers usually leaves a de- 
posit which will eventually wash 
down into the mud-drum, along with 
sediment from the water. 
When this material accumulates, it 


Adapter Cuts Washing Time on Mud-drum 


may carry over into the blowdown 
valve, plugging it, and necessitate re- 
moving the valve to wash out the 
drum with a water hose. In addition 
to the time required for unflanging 
the valve, the connection often leaks 





BLOW DOWN VALVE 








HIGH PRESSURE BOILER 


1" WATER HOSE 


I" GLOBE 
VALVE 





4> 
Oo 
> 
“9 
44 
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p ] 


BONNET i 


REMOVE BONNET & 
INSTALL ADAPTER 
SHOWN AT RIGHT 
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Fig. 3—Boiler mud-drum can be water-flushed through blowdown valve by re- 
placing bonnet with special adapter 
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when the boiler is returned to service, 
thus requiring an emergency shut- 
down for repairs. 

G. W. Morris, boiler operator for 
Humble Oil & Refining Co. at Bay- 
town, Texas, has reduced turnaround 
time for this operation by two hours 
per job. His suggestion consists of 
removing the valve bonnet and sub- 
stituting an adapter which carries a 
globe valve and a connection for a 
l-in. water hose. The drum can be 
cleaned of accumulation of deposit by 
alternately flushing and draining. 


Fig. 3 illustrates Mr. Morris’ idea, 
which applies particularly to Con- 
nelly boilers as shown. It can be 
fitted to most other makes by appro- 
priate changes in the adapter so as to 
fit the bonnet of the valve in use. 





IDEAS—Wanted! 


Plant operators, foremen, su- 
perintendents— Send in your 
own original contributions on 
“how we do it around our re- 
finery."’ Possible subjects could 
include operating shortcuts, 
money-saving gadgets, safety 
schemes. 

The idea’s the thing—so send 
it in to: 

Plant Practices Editor 

PETROLEUM PROCESSING 

1213 West Third Street 
Cleveland 13, Ohio 











In photo at left above, a 30° bevel has just been cut on a 
salvaged pipe flange on the machine built in the welding 
shop of Socony-Vacuum’s Lubrite Division refinery at East 
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700 Pipe Flanges per Month Are Salvaged 


On Beveling Machine Built from Scrap 


By VERNON STARR, Welding Shop Foreman 
Socony-Vacuum Oil Co., Inc., Lubrite Division, East St. Louis, Ill. 


N ESTIMATED 700 pipe flanges 

have been salvaged per month 
during a single daily shift working 
a regular 40-hr. week in the welding 
shop of the East St. Louis refinery of 
Socony-Vacuum Oil Co., Inc., Lubrite 
Division. 

The work is done on a home-made 
beveling machine built in the shop 
from scrap steel, discarded bearings, 
part of an old lathe, and the like. It 
is used chiefly to bevel weld-type pipe 
flanges salvaged from dismantled pipe 
systems, and is shown in the accom- 
panying photographs. 

Pipe table consists of a pair of ad- 
justable pipe rolls, belt-driven by an 
electric motor operating through two 
gear-type speed reducers so that its 
speed is approximately one rpm. 

The jig holding the flange is made 
from an old lathe chuck, mounted on 
a 2-in. shaft about 6 ft. long and cap- 
able of holding a flange up to 14-in. 
diameter. Welded to the shaft near 
each end are two rolls, each 14 in. 
long, made from old 8-in. pipe and sup- 
ported by discs cut from steel plate. 

The flange-holder and flange are 
placed on the pipe table so that the 


two 8-in. diameter rolls are in contact 
with the pairs of driven rolls. The 
difference in size between the rolls 
gives the flange a resultant speed of 
about one-half rpm., sufficiently slow 
for oxygen cutting operations. 


A conventional cutting torch with 
a 45° cutting tip is mounted in any 
convenient holder (in this case a reg- 
ular cutting holder for cutting steel 
plate) so that the flame impinges on 
the flange at a 30° angle. Cutting is 
done in the usual manner. 


The salvaged flange has about a 
30° bevel and is ready for re-use as 
soon as the face has been trued. When 
the cutting starts, attention may be 
given to other duties until the opera- 
tion is completed. 


The machine shop uses a carboloy- 
tipped tool for this job. However, the 
tool is as large as the usual tool hold- 
er instead of the small type. With 
such a massive tool, the later facing 
cut may be taken with but one setting 
of the lathe, saving the machinist’s 
time as well as wear on the tool, since 
the massive tool will not be damaged 
by the rough surface or by making 
a very heavy cut. 





St. Louis. In photo at right, large diameter pipe can also 
be rebeveled on the machine by placing it directly on the 


driving rolls 
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Precision’? Aero-Mix ie 
Senior Model 

For heavy duty laboratory work ... for batch 
mixing of materials generating inflammable or 
explosive vapors, this powerful, air-driven Aero- 
Mix stirrer removes the dangers inherent in 
electric motor stirrers. Operates on air pressures 
from 10 to 65 |bs., attaining maximum speeds 
of 2500 to 7500 r.p.m. Easy to handle, sturdily 
built. Yoke type mounting clamp has swivel 
arm, locking lever for mounting at desired an- 
gle. Other models available for air pressures 
as low as 2 lbs. Write for Bulletin T10304-I. 
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Only *-Precision” Aero-Shak 
offers all this: 


Ruggedly built to include all the advantages 
of manual shaking motion in a compact, heavy- 
duty mechanical shaker, “Precision” Aero-Shak 
is completely air-operated, guaranteed explo- 
sion-proof...carries a continuous operating load 
of 15 lbs. quietly and efficiently. Space-saving, 
it holds 12 vessels in one square foot of bench 
space. Rotating support post carries two clamp 
supports, 12 adjustable V-jaw clamps. Stroke 
adjustable from 2" to 2”; speed from 50 to 350 
. strokes per min. Write for Bulletin 430-I. 








CHICAGO 47, ILLINOIS, 


Scientific Research and eduction Control Equipment * 






PLANT DESIGN 





Improved Design Features Used 
In Lion’s 4500 b/d TCC Unit 


ION Oil Co.’s new Thermofor Cat- 
alytic Cracking unit, recently 
placed on stream at the company’s 
refinery at El Dorado, Ark., has al- 
ready demonstrated its value, accord- 
ing to T. H. Barton, chairman of the 
board of Lion. 

“Designed to process 4500 b/d of 
fresh gas oil, with 900 b/d additional 
capacity for recycling, the new TCC 
unit maintains runs substantially in 
excess of its rated capacity and ex- 
ceeds the guaranteed percentage yield 
of high octane gasoline,” Mr. Barton 
said. 

The unit incorporates recent im- 
provements in catalytic cracking, in- 
cluding the use of concurrent flow of 
catalyst and vapor, recycling to give 
greater flexibility in production, and 
alloy steel linings in major items of 
equipment, he explained. 

Process used in the unit was 


licensed by the Houdry Process Corp., 
and the engineering and construction 
was done by the Lummus Co. Total 
cost of the unit was approximately 
$1,500,000. 

The feed is a heavy gas oil “charg- 
ing stock” similar to fuel oil and is 


taken directly from the crude by 
distillation. Products obtained are 
gasoline, gas, butanes, burner oils and 
fuel oil. 


Feed Preparation 


In the feed preparation section 4700 
b/d of the gas oil charge is heated 
by heat exchange and then mixed 
with 900 b/d of recycle gas oil sep- 
arated from the cracked products. 
This combined stream is then heated 
until it is principally vapor by three 
upright heaters, two of which oper- 
ate in parallel. Any unvaporized tars 
are removed (about 200 b/d) and 
the vapors are further heated in a 
superheater furnace. The final prod- 
uct of the feed preparation section is 
a stream of 5400 b/d of vaporized 
heavy oil at 880°F. 


Catalytic Section 


The catalyst used in the cracking 
section is the “bead” catalyst, de- 
veloped during the war in the aviation 
gasoline program. The three principal 
pieces of equipment in this section— 
reactor, kiln, and elevator—are sup- 
ported on a concrete and steel struc- 
ture, the highest point of which is 
200 ft. above grade. 

The reactor, a 12 x 97 ft. vessel, 
was prefabricated at the Houston 
shops of the Wyatt Metal and Boiler 
Works and delivered to El Dorado by 
special train. The upper section is 
the storage hopper for the catalyst 
to the reactor. The central section 
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consists of catalyst storage and a 
pipe or “leg’’ for carrying the catalyst 
downward. The weight of the cat- 
alyst in this leg is sufficient to main- 
tain the flow of catalyst against the 
pressure in the reactor. 


The bottom section is the reactor i 


proper where the cracking takes place. 
In operation the hot burned catalyst 
from the top of the elevator flows 
into the storage hopper and then 
down the leg and into the reactor. 
The catalyst is distributed over the 
reactor and flows through it slowly 
as a bed 12 ft. in diameter and 11 ft. 
deep. 

Hot oil vapors from the feed pre- 
paration section enter the reactor 
above the catalyst level and flow 
down through the catalyst bed. At 
the bottom the product vapors are 
disengaged from the catalyst and 
flow to the fractionating section to 
be separated into the final products. 

The catalyst, which now contains 
about 3% carbon, returns to the bot- 
tom of the elevator. This downward 
flow of both the catalyst and oil 


* vapors, known as concurrent flow, is 


a very recent development and makes 
possible a lower temperature of the 
hot oil vapors to the reactor, it is 
stated. 

The kiln is a rectangular vessel, 
10.5 ft. by 10 ft. and 95 ft. long. 
Prefabricated sections were assembled 
at the site and the entire structure 
was lifted into place as a unit. The 
interior lining of refractory, the steam 
coils, air ducts, etc., were then in- 
stalled. The kiln is divided into nine 
“burning zones’ each of which is 
equipped with an air inlet and out- 
let and a steam coil. 


The elevator is a single bucket and 
chain arranged to carry simultane- 
ously both the coked catalyst from the 
reactor and the regenerated catalyst 
from the kiln. The hot catalyst from 
the kiln is carried in a central sec- 
tion of the bucket and the colder 
catalyst is carried in sections adjacent 
to the chain. This protects the chain 
from the high temperatures of the 
regenerated catalyst. In wartime units 
of this type two chains were used. 

The elevator is suspended from the 
top and is driven by a sprocket wheel 
connected to a steam turbine. It is 
enclosed in a shaft or tube filled 
with inert gas. The flow of the cat- 
alyst through the reactor and the 
kiln is controlled by valves at the 
bottom of the elevator that feed the 
catalyst to the elevator. This flow is 
75 tons/hr. for each stream or 150 
tons total. 

The low pressure air required for 
the kiln is supplied by a centrifugal 
compressor, and an “air-line’” burner 
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Lion Oil's new 4500 b/d TCC unit at 
El Dorado, Ark. Left to right in structure 
are reactor, elevator tube, and regen- 
eration kiln. Three upright feed pre- 
heaters are at left of unit 


in the air duct to the kiln furnishes 
the heat required for start-ups. An 
“inert gas generator’ furnishes a 
non-oxidizing gas for the elevator 
shaft and for stripping oil vapors 
from the catalyst. 

An “elutriator” removes disinteg- 
rated catalyst, or “fines”, by blowing 
them from the catalyst stream with 
gas. A steam drum and feedwater 
preheater are necessary with the 
steam coils of the kiln. Catalyst stor- 
age must be provided for emptying 
the vessels during shutdown. A num- 
ber of accurate instruments are re- 
quired for the precise control of the 
operation. 


Product Separation 


Hot reactor effluent vapors from 
the cracking unit then enter the bot- 
tom of the fractionator, a 20-plate 
column, 12.5 x 64.5 ft., lined with 
stainless steel for the lower two- 
thirds as a guard against corrosion. 

Overhead vapors from this column 
consist of the gasoline and lighter 
gases; this is condensed, cooled, and 
stabilized in a debutanizer before 
going to storage. Removed gases are 
compressed and sent to the refinery 
gas recovery system where they are 
separated into fuel gas, butanes, and 
a fraction that is polymerized into a 
high octane “poly” gasoline. 

Sidestreams from the main frac- 
tionator are a high quality burner 
oil, a circulating stream of hot gas 
oil which is used to furnish heat for 
the gasoline stabilizer and for the 
cold feed to the unit, and 900 b /a of 
recycle stream. Bottoms consist of a 
stream of heavy fuel oil, containing 
the tars formed during the reaction. 
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WITH DU PONT TETRAETHYL LEAD COMPOUNDS 


()uick £ ficient Service 
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The locations of the five district offices listed at the right have been 

planned to give you the quickest possible solution to any problems 

you may have involving the use or handling of tetraethyl lead com- 

pounds or of other additives for fuels or lubricants offered by 

Du Pont. Each office is located in or adjacent to a major refining WILMINGTON 
center. Each is staffed by men who are specially trained to handle 

fuel or lubricating oil problems. 


TECHNICAL REPRESENTATIVES 


A large staff of technically trained men will operate from each of the five offices. 
They will be available to consult with you or with your staff on the use of 
Du Pont Tetraethyl Lead Compounds or other Du Pont additives. They will 


bring to you the findings of Du Pont laboratories and interpret those findings in 
terms of your needs. 


DISTRICT LABORATORIES 


District laboratories located in Wilmington, Delaware; Houston, Texas; Chicago, 

Illinois; Tulsa, Oklahoma; and El Monte, California, will at all times be ready to 

supply helpful, cooperative service in the solution of specific fuel problems. 

Included will be such services as octane number determinations, evaluation of HOUSTON 
gasoline stability, color-blending assistance and like services. A road testing 

laboratory will be located at El Monte, California, and will be used as head- 

quarters for road tests of fuels and additives under conditions similar to those 

encountered in actual service. 


MEDICAL AND SAFETY SERVICE 


Because of its many years experience in the handling and manufacturing of TEL 
compounds, Du Pont is fully qualified to render the medical service and supervi- CHICAGO 
sion required by the industry. Trained safety service engineers operating out of 
the district offices will maintain direct contact with users of Du Pont TEL 
compounds and will make periodic inspections of equipment. They will be 
available at all times for supervision of maintenance and repair work, cleaning 
operations, and dismantling of equipment. 


CALL YOUR DU PONT PETROLEUM 


LOS ANGELES 
CHEMICAL REPRESENTATIVE 


or write for specific information to 
E. |. du Pont de Nemours & Co. (Inc.) 
Petroleum Chemicals Division, Wilmington 98, Del. 
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Beginning... January [st 1948 


DUPONT TETRAETHYL LEAD COMPOUNDS 


Du Pont has been manufacturing tetraethyl lead compounds for the past 24 years and 
in that time has produced over two billion pounds. Although up until now Du Pont 
has not been engaged in marketing this important commodity, on January 1, 1948, this 
Company will begin shipping Du Pont Tetraethyl Lead Compounds—Motor Mix and 


Aviation Mix—directly to refiners. 


TO MEET EACH REFINER’S SPECIFIC MARKETING PROBLEMS 


Du Pont will not place any restrictions upon 
the use of its tetraethyl lead compounds other 
than those required by safety and health. Fuels 
containing DuPont Tetraethyl Lead Com- 


pounds may be dyed any distinctive color 
selected by the refiner as long as they are suffi- 
ciently colored to meet the requirements of 
the Surgeon General. 


NO CHANGE IN PRESENT EQUIPMENT OR METHODS 


Since there is no difference between Du Pont 
Tetraethyl Lead Compounds and existing com- 
pounds, present equipment, which is the prop- 
erty of the blender, may be used. Complete 
new units and replacement parts for existing 


OTHER DUPONT SERVICES AND 


In line with its well-established policy, Du Pont 
will engage in a broad program of fundamental 
research. Extensive chemical research labora- 
tories are available to carry on this work, and 
engineering and road testing laboratories are 


ATION INHIBITORS. - - 
LUBRICATING 


WORKING LUBRICANTS .- - 
IBITORS... 





equipment will be available from Du Pont. 
TEL will be shipped in standard containers 
and tank cars. Du Pont will have its own fleet 
of completely new tetraethyl lead tank cars. 


PRODUCTS FOR REFINERS 


being established in order to investigate all 
phases of fuel combustion and _ utilization. 

In addition to the line of additives that help 
produce better fuels and lubricants, Du Pont 
produces hundreds of products which find 
direct or indirect uses in the production and 
refining of petroleum. 


TETRAETHYL 
LEAD COMPOUNDS 
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BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


E.1l. DUPONT DENEMOURS & CO. (INC.) 


PETROLEUM CHEMICALS DIVISION +« WILMINGTON 98, DEL. 
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Spent Catalyst Stripper 
Separate from Reactor 


In New Fluid “Cracker” 


AN IMPORTANT design feature of 

the new 4000 b/d rated capacity 
Fluid catalytic cracking unit of The 
Texas Co. at Casper, Wyo., is the out- 
side spent catalyst stripper pictured at 
right. This is the first Fluid unit in 
which the stripper has been built separ- 
ate from the reactor. Spent catalyst is 
withdrawn from the reactor through a 
slide valve which can just be seen to 
left of midpoint of the stripper. 


In the stripper hydrocarbon vapors are 
separated from the catalyst with steam 
and returned to the top of the reactor, 
while the spent catalyst laden with coke 
falls from the bottom of the stripper 
and is blown to the regenerator for re- 
activation. Not only is stripping effi- 


ciency increased by this outside arrange- 
ment but also all possibility of the 
stripped vapors being picked up by more 
spent catalyst, or of “short circuiting” 
(using spent catalyst over again), is elim- 
inated. Preventing oil from entering the 
regenerator with the spent catalyst re- 


duces the size of the regenerator and the 
air blowing equipment required. 


Another new design feature of the 
Fluid unit at Casper is a new cylindri- 
cal electrical precipitator designed to 
operate at high pressure, which replaces 
the former box type. It saves one-third 
of the cost of former designs through 
greater ease of fabrication on a leak-free 
basla and through reduction of tre rein 
forcing required. 


The fractionator of the Casper unit 
has been consolidated into a tri-func- 
tional vessel with a rectifying section, de- 
superheater and slurry settler included 
ir, one tower, which reduced initial cost 
and improved the safety of the unit by 
eliminating danger of flash. 


All pumps, compressors and blowers in 
the unit are steam-driven for reliability 
and ease of control. The unit itself gen- 
erates the majority of the steam required 
for this purpose by recovery of heat from 
the flue gases and from the hot slurry 









































































































which has been circulated to de-super- 
heat the reactor vapor. 


A new “balanced préssure” design is 
embodied in the unit. As a result, re- 
actor and regenerator are supported at 
the same levels; an overall reduction in 
height has been effected; and standpipe 
heights have been reduced. The reduced 
standpipe heights in turn enable a lower 
pressure drop to be maintained across 
the slide valves and so eliminate much 
of the erosion formerly found in these 
critical catalyst controlling mechanisms. 
Piping, too, has been simplified, with 
short direct runs to all major vessels and 
with only one expansion joint in the 
whole unit. 


The plot plan, arranged in the shape 
of an elongated oblong, brings the re- 
actor, regenerator, and precipitator into 
line in a main structure at the extremity 
of the battery limits. At the~ opposite 
face of the oblong, a second row of ves- 
sels brings the fractionator and gas re- 
covery equipment into line. This oblong 
arrangement, open on all four sides with 
all big vessels on the outside, enabled 
each vessel to be lifted into position as 
soon as it arrived on the job site with- 
out interfering with other erection pro- 
ceeding simultaneously. 


Design and construction of The Texas 
Co.’s new Fluid unit at Casper was by 
M. W. Kellogg Co. 


Above—Outside spent catalyst strip- 
per for Fluid “cat-cracker” at Casper. 
Wyo., refinery of The Texas Co. 


Left—New 4000 b/d rated capacity 
Fluid unit at Casper, Wyo., re‘inery 
f The Texas Co. 
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What treating process can 
add ‘‘new refinery” economies 
in your modernization plans? 
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The TANNIN SOLUTIZER 
PROCESS... 


€ 


¢ You immediately achieve substantial savings 
in TEL. 


You profit through reduced loss of gasoline. 


tind 


. With the Tannin Solutizer Process, you can generally 


We will be glad to give you more information adapt your existing treating equipment with almost neg- 
on this established process. The TANNIN ligible conversion costs. 
SOLUTIZER PROCESS is licensed under the 

rights of Socony-Vacuum Oil Company and 

Shell Development Company by 


Your operating costs are extremely low with this thor- 
oughly modern yet simple process. 


SHELL DEVELOPMENT COMPANY, INCORPORATED 


. 50 West 50th Street, New York 20, N.Y. 
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PETROLEUM RESEARCH 





SPECIAL APPLICATIONS of 
ABSORPTION SPECTROSCOPY 


The purpose of this paper is to describe a number of 
specialized uses of absorption spectroscopy in the petro- 
leum industry. The methods and procedures presented 
are not necessarily original, but all have been used to 
advantage by the authors and their associates. 

Infrared absorption spectroscopy has been especially 
useful for conducting surveys of the composition of the 
vapor throughout distillation columns. For example, a 
most satisfactory survey of a 100-plate column may be 
completed within 24 to 48 hours by two or three persons. 
Due to the economy of this method, columns operating 
under a variety of conditions may be studied in consider- 
able detail. Often, as a result of the information gained, 
a method of column control can be worked out which 
involves a very simple short-cut analytical method. Sev- 
eral short-cut methods are explained. 


By F. W. CRAWFORD 
and C. K. BUELL 


Research Department 
Phillips Petroleum Co. 


stream sample which required only one extinction measure- 
ment was worked out. The total aromatic content for 
each of several samples was determined by the TIWC 
Referee Method No. 6AR-42, and these values were 
plotted against the extinctions of the respective samples 
at 6.15 microns. A satisfactory working curve is given. 


Determination of small amounts of impurities in very 
pure compounds has been accomplished sometimes by 
careful comparisons of samples from different sources. 
This involved a qualitative analysis made through a de- 
tailed comparison of the spectra, and a very careful quan- 
titative comparison of extinctions of the samples at selected 
absorption regions. 


Employing the foregoing technique, it was also possible 
to make very precise determinations of the compositions of 





A practical analysis for total aromatic content of a 


| been laboratory that has used 
absorption spectroscopy as an an- 
alytical tool has developed specialized 
applications and short-cut procedures 
in which the primary objective was to 
obtain specific information with suf- 
ficient precision in a minimum time. 
This paper was written in order tc 
present and evaluate a few of these 
cevelopments. Although many of the 
procedures to be discussed have been 
used or suggested by others, no at- 
tempt has been made to acknowledge 
the work of individuals or groups be- 
cause it would be impossible to re- 
cognize all of the contributions, for- 
mal and informal, that have been in- 
corporated in this paper. However, 
every analytical procedure discussed 
here has survived the test of useful- 
ness by the authors and their co- 
workers. 


Distillation Column Surveys 


Complete knowledge of the compo- 
sitions of the vapor and liquid phases 
at all points in a distillation column 
is very valuable information but’ it is 
also very hard to obtain. The prin- 
cipal difficulty is that so much an- 
alytical work is required. In practice, 
the engineers find that a complete 
analysis of the vapor every fifth or 
tenth tray will enable them to calcu- 
late any other information needed and 
this combination of analysis and com- 
putation seems to be a very satisfac- 
ory compromise in a large number 
of cases. 


Spectroscopic methods of analysis 
have proved especially suited to the 
foregoing problem for a number of 
reasons. The complete set of samples 
may be taken in small containers 
practically simultaneously by two or 
three men and, if desired, the column 
survey curves can be completed with- 
in a day or two. For the information 
gained, the expenditure of man power 
is so low that it is practicable to 
make these detailed studies of column 
operation under a variety of operating 
conditions. 

A more detailed idea of the nature 
of the spectroscopic data available 
may perhaps be gained by a study of 
Fig. 1, which shows some of the in- 
frared absorption spectrograms of 
samples obtained in the survey of a 
column producing pure butadiene. At 
least one absorption band for each 
component has been marked in the 
figure and, bv observing the changes 
in the bands from one spectrogram to 
the next, it is possible to follow the 
changes in the concentrations of the 
various components. 

An example of a complete survey 
of the vapor in a column operating 
under total reflux is shown in Fig. 2. 

In the foregoing examples each sam- 
ple was subjected to a complete in- 
frared analysis by the straightfor- 
ward method for multi-component 
mixtures. A considerable economy in 
time was effected by analvzing the 
samples in their order throughout 
the tower, in that the changes in 
composition of the samples were small. 
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blends of pure compounds in preparing reference fuels. 


Short-Cut Analytical Methods 


There are circumstances in which 
it is possible to analyze for a single 
component only in a multicomponent 
mixture and often the operation of 
a column or other unit can be cor- 
related with the concentration of this 
key component. 


One example of such a situation 
is furnished in the use of ultraviolet 
absorption analysis for butadiene in 
the presence of other C, hydrocar- 
bons. In particular, the data for the 
survey curve of Fig. 3 showing the 
concentration of butadiene vanor 
throughout a furfural extractive dis- 
tillation column were obtained within 
two or three hours, and thereafter 
periodic single determinations of buta- 
diene at one selected tray were suf- 
ficient to keep the operator informed 
on the performance of the column, 


Inasmuch as butadiene has strong 
absorption in the ultraviolet over 
wavelength regions where paraffins 
and mono olefins do not absorb, the 
situation is particularly favorable to 
the application of automatic analyzer- 
controller devices. 


Another example of a useful short- 
cut method of analysis for a key com- 
ponent can be demonstrated from a 
stream of C, hydrocarbons. Composi- 
tions from time to time were deter- 
mined by multicomponent infrared 
analysis to be that shown in the first 
part of Table 1. 


At the n-butane absorption band, 
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TABLE 1—Infrared Analysis of C, Stream Short-Cut Method for N-Butane 


Sample No. 1 2 3 
ED. occu ertescedsenciaseasne “Ee 0% 0.6% 
Cn ciccccsdsshascscncerce Ee 16.1 15.1 
EN ns ce dik eee ehbheekeak: §1.2 
SC CC CT CeCe ET TT 5.3 5.3 

DINER + 6 cc tcctarsecksrecnecuscs 9.9 10.9 

TORE POPE ET ee 5.5 5.2 

n-Butane 5.4 5.4 

Total Extinction at n-Butane Band .. 0.084 0.084 


Extinction for all but n-Butane ...... 0.060 0.060 
Approximate value n-Butane ........ 5 5 
Precise value n-Butane . 5.4 


4 
0.4% 0% 


23.2 
54.2 


2.6 
10.4 
5.8 
4.6 
0.088 


0.068 
6 
4.6 


0% 


Key component 
Ex 

Ec 

Average = 0.062 
(Ex-Ec)K 

from above 





TABLE 2—Composition of Samples From Trays X and Y 


Equivalent Extinctions 
at n-Pentane Band 


n-Pentane 

2-Methyl-1-Butene 

1-Pentene 

Iso-pentane (onaeen 
3-Methyl-1-Butene ...........+.++- 


13%—1% n-Pentane 

4%=—1% n-Pentane 
33%—1% n-Pentane 
12%=—1% n-Pentane 
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Fig. 1—Infrared absorption spectra of butadiene fractionator tray samples 
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the measured extinction Ex for all 
components of the stream has been 
shown for each sample. Also, the com- 
puted value of extinction Ec contri- 
buted to Ex by all components except 
n-butane has been shown for each 
sample and it is seen that Ec is prac- 
tically constant. Assuming the aver- 
age Ec to apply to any sample the 
approximate value of concentration 
for n-butane was computed from the 
simple formula. 

Per cent n-butane = (Ex-Ec) K 
where k is a calibration constant. 

Both the approximate and precise 
values of n-butane contents of the 
seven samples have been posted in 
the last two rows of Table 1, and it 
is obvious that the approximate values 
are quite satisfactory as a guide to 
control operations. 

The time required to make a com- 
plete analysis of any one sample as 
shown in Table 1 was one to two 
hours but the approximate value for 
n-butane was obtained in about ten 
minutes. This situation is another in 
which the application of automatic 
control should be straightforward. 


When the amount of the key com- 
ponent is about one per cent and 
when the available absorption bands of 
the key component are not very 
strong, there is a variation of the 
foregoing way to analyze a multi- 
component mixture for the key com- 
ponent. The procedure required is 
somewhat like that just described but 
certain refinements must be made. In 
essence the procedure is to compare 
the test mixture with a _ synthetic 
mixture whose composition is similar. 
For example, consider the following 
circumstances. 

From the data obtained in a column 
survey it was decided to control a 
distillation column on the content of 
n-pentane on Tray X where a typical 
composition was that shown in Table 
2. 

To circumvent the problem of syn- 
thesizing a reference mixture, a sub- 
stantial quantity of material was 
withdrawn from Tray Y in the same 
column, the analysis of which is pre- 
sented in Table 2, Col. 2. 

Experiment showed that the changes 
in extinction at the n-pentane band 
due to changes in the concentrations 
of the other components would be as 
listed in Table 2, Col. 3; this informa- 
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Among the many almost unbelievable ac- 
complishments of the petroleum industry, 
none is greater than the superb manner in 
which the industry met the wartime demand 
for aviation gasoline. 

In 1941 America’s capacity to produce 100 
octane gasoline averaged only 1,680,000 gal- 
lons per day. 

In August 1945—despite the tremendous 
difficulties of wartime construction .. . the 
refinery industry reached an output of 


| 22,050,000 GALLONS 
BN OCTANE GAS PER DAY 








an an 
GUNN es cr 


ad 


22,050,000 gallons of 100 octane gasoline per 
day. 

With the evolution of the jet plane, the 
petroleum industry also produced the special 
fuels which made possible speeds of better 
than 600 miles per hour. 

Characteristically, the petroleum industry 
continued its wartime expansion with further 
building, ceaseless research and constant prod- 
uct development. In September 1947, the 
American motorist bought a gallon of gasoline 
(exclusive of taxes) for little more than half 
the price he paid in 1920. And today’s gasoline 
averages 75 to 80 A.S.T.M. octane—against 
50 in 1920. 

Designer and builder of more than thirty 
catalytic cracking units, twenty thermal units 
and ten polyform units for the production of 
high octane aviation and motor gasoline, 
Lummus has been privileged to play a part in 
this achievement of the petroleum industry. 
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tion being directly available from the ; 
spectrograph calibration data. A cali- 

bration for n-pentane was then ob- 3M4-8 
tained by the addition of five per cent ; . ) is 
of n-pentane to a portion of the Tray a afl 

Y sample and the construction of a 8 


d 
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working curve. | Ne - 








The reference mixture was com- 
pared with each sample analyzed, - ee 
which procedure required about twice %~ 


























the time of the simpler approximation ms a 

method, but this one had the advant- . \ SMethyli-Butene —x— 
age that it circumvented the errors ny sn a 
that often occur due to temperature . cummeeeien he 
changes, non-reproducible instrument 14 — - nant tion ~— 
settings, etc. A constant correction a e inet <—~ 
was made for the presence of the other dette am, 
components according to the data in a © > 2-Methy!-2-Butene-+— 
Table 2, Col. 3. Further precision was 

gained by making a complete analysis ” 

of Tray X sample once each day and rN 


correcting for any changes in extinc- 
tion at the n-pentane band due’ to 


changes in the other components. \ A XY 


The principal virtues of the fore- 











going method were that it permitted x F of . 
control on small content of the key 3 F 4 
component, and it could be set up 4 
quickly. < pA 
It may be of interest to observe a 2 
— 


record of the column performance 
over a week’s time in terms of the 
n-pentane content on Tray X. This is 
demonstrated by the graph in Fig. 4. 
The question arose as to whether 
or not it would be possible to de- 
velop a quick method of analysis for 
the total aromatic content of a cer- 40 
tain fraction of boiling point range 
200 to 320° F. There is one infrared 
absorption region at approximately 
6.15 microns at which the extinction 
coefficients of several aromatics, ex- 20 
cept benzene, are of about the same COLUMN SURVEY 8-12-46 | 
magnitude. TOTAL REFLUX 

The material in question was a very F ig. 2 
complex mixture such that complete | | | 
analysis would have been practically KETTLE '0 20 30 40 50 60 70 
impossible but there were several MOL PER CENT HYDROCARBON 
samples taken at various times during : ; ’ 
pilot plant runs in which the total Fig. 2—Example of complete survey of vapor in column operating under total reflux 
aromatic content had been determined 
by the TIWC-Referee Method No. 
6AR-42. 

These values of aromatic content 
were plotted against experimental 20 
values of extinctions at 6.15 microns ~—P ~ Furtarel| entry 1 
for the available samples and a work- 
Ing curve was drawn as is shown in + 











a 















































Fig. 5. It was assumed that the con- 
tent of aromatic was correct as given 
and where more than one infrared 
determination of extinction for a 
sample was made the points were 
connected by a line. 


The precision of the infrared method 
would be somewhat dependent on the 
relative amounts of different aro- 
matics since the various compounds 
have slightly different extinction co- 20 
efficients. It would also be strictly | 
dependent on the precision of the Re- . 
feree Method for initial calibration. + ry —t 
Chemists who are familiar with both ” - ” 
experimental techniques have esti- 
mated that the precisions of the two Fig. 3—Butadiene concentration gradient in furfural extractive distillation tower 
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re Low-Cost Accuracy Saves 
Time and Labor 


Our IN THE FIELD, where main- 
tenance is infrequent and tough 
conditions call for dependable 
measurement, you'll find that 
METRIC American Orifice Meters 
nay off in low-cost accuracy. 

When adjustment becomes nec- 
essary, simple, functional design 
makes this quick and easy. Only 
three tools — screw driver, wrench 
and pliers are needed. 

The fewest possible moving 
parts go into METRIC American 


design — only one part between 
the mercury and the chart record. 
The float is simply constructed — 
placed on the low side to make cali- 
bration easy. Meters can be cleaned 
without upsetting adjustment — 
adjusted without interference with 
working parts. 

METRIC American’s low-cost 
accuracy and easy-to-service de- 
sign, proved the world over, are the 
result of years of measurement 
engineering. 





AMERICAN 


METER COMPANY 


* Dallas * Denver + Erie + Houston Joliet 


tlanta + Baltimore + Birminghan Bosto 


Los Angeles * NewYork + Orlando 
Pittsburgh * SanFrancisco * Tulsa 
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Applications of Spectroscopy 





types of measurement are comparable 
and hence use of the infrared method 
is advantageous on the basis of time 
saved. 


Determination of Trace Impurities 


A very useful technique for the 
estimation of trace impurities involves 
making short scannings of _ re- 
ference samples having known 
amounts of a certain impurity and 
estimating the amount of impurity in 
an unknown from the change in 
shapes of the curves of the recorded 
spectra. 

A typical problem was the deter- 
mination of 2-methyl-1-butene in 1- 
pentane. The very strong Q branch of 
the 2-methyl-1-butene band at 11.21 
microns occurs on the side of the 
very strong 1-pentene band at 10.94 
and thus makes precise extinction 
measurements difficult. It was found 
possible to estimate small amounts of 
2-methyl-1-butene from the changes 
in the shapes of the transmittance 
curves with sufficient precision to 
referee the production of high purity 
1-pentene. Fig. 6 shows comparisons 
of several samples. 


High Precision Methods 


The most precise spectroscopic 
methods are those in which test 
samples are compared directly with 





TABLE 4—Analytical Results 


Average 
Infrared No. of Deviation 
Composition Analysis Determinations From Mean 
Solution #1 n-Heptane Stock 40.01 + 0.03% 40.02% 12 + 0.08% 
Iso-octane Stock 59.99 + 0.03 59.95 5 + 0.04% 
Total 99.97% : 
Reference n-Heptane Stock 39.98% 6 + 0.06% 
Fuel Blend Iso-octane Stock 59.99 3 + 0.18% 
Total 99.97% 





Mol Per Cent n-Pentane 


20 40 60 


80 


Mechanic 
Trouble 





100 120 40 160 


Time in Hours 


Fig. 4—Concentration of n-Pentane used to control fractionator 


standards. A good example is fur- 
nished by some recent experiments 
conducted to establish the precision 
that could be expected in day to day 
analytical work. The samples selected 
for test were from a large batch 
of iso-octane and normal heptane 
which had been blended in the ratio 


blend. In particular, the three accur- 
ately compounded mixtures’ were 
shown in Table 3. Blending was 
done with precision gravimetric tech- 
niques. . 

Solution No. 1 was used throughout 
the experiments as a test sample and 
was run along with the unknown blend. 



















































































; ‘ , of 60% iso-octane to 40% normal Some results obtained at the 13.82 
TABLE 3—Synthetic Mixtures Used in heptane. micron band of normal heptane and 
Analyses Spectrophotometric comparisons the 8.28 micron band of iso-octane are 
Iso-pentane n-Heptane were made between the reference fuel presented in Table 4. The precision of 
Solution Stock Stock Accuracy blend and three similar blends made these measurements as shown in the 
#1 ...... 59.99% 40.01% +0.03 % in the laboratory from the same base table can approach + 0.1% in prac- 
#3 59.00 41.00 +0.03 ‘ = 
 crtaus 61.00 39.00 +0.03 stocks as were used in the large scale tice. 
r 
p Primary Standard 
sen! be keee — eae =! |-Pentene 99.34:040% 
| | ae : d 
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Fig. 5—Infrared working curve for total aromatics at 


6.154 band 


Fig. 6—Check for 2-methyl-l-butene at 11.24 absorption band 
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inBROWN me 
FINTUBE 


Sectional Heat [ 


Exchangers riche 







(Tlie ~ 
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’ 


Recognized by engineers everywhere as the Enthusiastically endorsed by operating and 
ideal closure, this ring joint seal assembly avoids maintenance departments of oil refineries and 
packed joints, glands, ground joint seals, screw chemical processing plants, the ring joint seal is 
unions, and all the operating and maintenance only one of the many exclusive features Brown 


troubles resulting from ground joint and screw Fintube Sectional Heat Exchangers can give 
sities ‘meaiaiatiiaie you. Brown’s exclusive “one-piece” fintubes 


whose high heat transfer efficiency is maintained 
Seating surfaces of the shell flange and fintube undiminished during the entire life of the tube, 


fitting are in full view, and easily accessible. —our exclusive non-removable rear end con- 
They can be wiped clean of all grit and dirt struction, and replaceable stud bolting through- 
before closing the seal,—not possible with in- Ut, are some of the others. 

side ground joint construction. The soft metal Send today for the fully descriptive catalog, 
ring overcomes any slight unevenness of the and let our engineers help you in adapting 
seating surfaces, and permits tight, leak-proof Brown Fintube Sectional Heat Exchangers 
closures to be made time after time. to your exact and individual requirements. 


BROWN 74 
Tm BROWN FINTUBE comrany Bea 


Send for 
202 HURON STREET e ELYRIA, OHIO Bulletin 
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PLANT OPERATION 





High-Octane Gasolines by SUSPENSOID 
Cracking with Synthetic Catalyst 





Material in this article is from 
a paper entitled “The Suspen- 
soid Catalytic Cracking Proc- 
ess”, by C. H. Caesar, Imperial 
Oil Co., Ltd., presented before 
the Canadian Institute of Chem- 
istry, in Banff, June, 1947. 











ECENT studies of the Suspensoid 

catalytic cracking process carried on 
at the Sarnia, Ont., refinery of Imperial 
Oil Ltd., have demonstrated the poten- 
tialities of the process for small re- 
fineries in making high octane motor 
fuels. Results of the studies were re- 
ported at the meeting of the Canadian 
Institute of Chemistry in Banff last June. 


The development work reported was 
carried on in a pilot plant especially built 
for the purpose, which closely repro- 
duced operating conditions in full scale 
plants. The experimental studies in- 
cluded the use of synthetic cracking 
catalysts in place of natural clays; 
charging as feed the total stocks avail- 
able for motor gasoline production, the 
resulting distillate representing a re- 
finery pool gasoline; and operations on 
stocks from various types of crudes to 
determine the effect of the nature of 
the crude on the yields and quality of 
cracked products. 


Plant scale Suspensoid cracking has 
been carried on at the Sarnia refinery as 
a normal operation for seven years. The 
Suspensoid process differs from other 
commercial processes in the use of small 
quantities of catalyst and in the absence 
of special reactors. In the operation of 
the process* powdered catalyst in the 
form of an oil slurry is charged with the 
feed to a conventional type of thermal 
cracking coil. The catalyst is recovered 
by filtration from the heavy fuel oil bot- 
toms from the fractionating tower, after 
which it may be regenerated and reused. 
Between two and 10 pounds of catalyst 
per barrel of total feed are customarily 
used. 

The report on the pilot plant work on 
the Suspensoid process, as presented in 
the paper by C. H. Caesar, of Imperial 
Oil, Ltd., before the Canadian Institute, 
is as follows: 


Tests with Synthetic Catalysts 


“While the product quality obtained 
in the above refinery operations using 





*“Suspensoid Catalytic Cracking”, by Robert 
L. Purvin, PerroLeEuM PROCESSING, May, 
1947, pg. 328. 
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Catalyst: 


natural clays, once through, is adequate 


for present day requirements, it was re- 


alized that future developments would 
result in a demand for gasoline with 


octane numbers which could only be ob- 
tained by the use of highly active crack- 
ing catalyst. 
would be regenerated and recycled to 
the process, 


Such- catalysts, of course, 


“Experiments in this field were most 


readily conducted in a pilot plant which 
was especially built for the purpose, and 
which closely reproduced the conditions 
and results obtained in the full scale 
units. 


“Runs in the pilot plant demonstrated 
that the utilization of fresh 3A catalyst, 


which is a typical synthetic cracking 
catalyst commercially available at the 
present time, would produce gasolines 
having clear octane numbers approxi- 
mately two points higher than those ob- 
tained when cracking to the same con- 
version with the natural and activated 
clays from lube oil contacting. Product 
distributions at a given conversion were 
essentially the same using either catalyst. 


When including non-selective polymer 
gasoline (produced from the propylene 


and excess butylenes) gasoline yields of 
61% were obtained from Mid-Continent- 
Louden feed stocks composed of 25% of 
heavy naphtha and 75% of mixed gas 
oils. 


The ASTM Motor method octane 
number of this gasoline reached 80, and 
the CFR Research octane number 91, 
without the addition of tetraethyl lead. 


“Regenerated 3A catalysts obtained 
from commercial Fluid cracking units 
gave results approaching those of the 
fresh material, but gave slightly higher 
yields of gasoline with somewhat lower 
octane numbers. 


“Alternative cracking catalysts which 
have been investigated to date also tended 
to produce slightly higher yields of gaso- 
line which had lower octane numbers 
than those resulting from the use of 3A 
catalyst. However, the field of preparing 
catalysts for petroleum cracking is in an 
active state of development. The re- 
sults already attained show that the Sus- 
pensoid process is sensitive to and will 
profit by further improvements in cata- 
Ivst activity. 

“As the octane number requirements 
for motor gasoline increase, the problem 
of upgrading the light naphtha produced 
from most crudes becomes increasingly 
acute. In the case of Suspensoid cata- 
lytic cracking, one solution is to include 
such light naphtha in the total feed to 
the operation. The results of cracking 
such a mix are given in Table 1 in which 
results at two different conversions are 
reported. In these operations the feed 
stock was composed of 15% of light 
naphtha, 25% of heavy naphtha and 
60% of mixed gas oils, all from Mid- 
Continent-Louden stocks. Since _ this 
feed represented the total stock avail- 
able for motor gasoline production, the 
resulting distillate represented a refinery 
pool gasoline. As such, unleaded Motor 





TABLE 1—Suspensoid Cracking of Mid-Continent-Louden Feed Stocks 


Fresh 3A 10 Ib./Bbl. 
600 psig 
9-10 V/V/Hr.* 


Coil Pressure: : ; ; : 4 ; ; ; : 
ee 


Approximate Coil Outlet Temperature,** °F, ... 


Yields Excluding Polymer Gasoline 


Gasoline 10 Lb. RVP, 400°F. B.P., Vol. % .. 
Heating Oil (415-600° Boiling Range), Vol. % 


Fuel Oil (over 600° Boiling Range), Vol. % .. 


Excess Butame,®*®* Vol. % ......ccscecess 
Dry Gas (Propane and lighter), Wt. % ...... 
Pe OE ede suoranrcdnedemen were 


Gasoline Octane Numbers 
ASTM Motor method unleaded ........ Lay 
ASTM Motor method +3 cc. TEL .......... 
CFR Research method unleaded ............ 
CFR Research method +3 cc. TEL ......... 


Gasoline Including Polymer—10 Lb. RVP 


Yield on Fresh Feed, Vol. % ............. 
ASTM Motor Octane No. unleaded ......... 
CFR Research Octane No, unleaded ........ 


pe ee tee 40.7° 
Naphtha Content ....... 40 LV % 
Engler Dist. 50% off at .. 518°F. 
1060 1105 
56.5 53 


16 (28° API Gravity) 8 
8.5 ( 7° API Gravity) 


(20° API Gravity) 
9 (0.5° API Gravity) 
8 


5 

16 24 
0.8 1.0 
75.0 78.3 
82.9 84.2 
86.3 90.0 
93.7 96.4 
62.5 62.5 
76.0 81.0 
87.0 91.0 


* Volumes of liquid feed (at 60° F.) per volume of coil above 800°F. per hour. 
** Temperature of lead bath at the outlet section of the coil. 
*¢% Excess over requirements to make a 10 Lb. RVP gasoline. 
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Suspensoid Cracking 





octane numbers around 80 and Research 
octane numbers of 90 (including polymer 
gasoline) were notably high. 


Effect of Feed Source 


“The greater part of the research con- 
ducted to date has been concerned with 
the Suspensoid cracking cf feed stocks 
derived from Mid-Continent-Louden 
crudes. A few runs have been carried 
out using feed stocks derived from other 
crudes. These indicate that, as would 
be expected, the nature of the crude has 
an appreciable effect on the yields and 
quality of the cracked products, 

“Table 2 illustrates the results of Sus- 
pensoid cracking feed stocks from four 
different crudes, in order of decreasing 
paraffinicity, at a constant conversion to 
dry gas. Although the feed stocks varied 
widely in distillation characteristics, the 
octane numbers of the unleaded gaso- 
lines produced increased in order of 
decreasing paraffinicity as measured by 
the characterization factor. Leaded 
octane numbers showed a similar increase 
with the exception of the product from 
Lloydminster feed, which was higher in 
sulphur content than the other gasolines. 

“Although the naphtha content of the 
feed obviously plays a large part in de- 
termining the yield of gasoline at a given 
conversion, other characteristics of the 
feed also have an important effect on 
all the product yields. Sufficient data 
is not yet available to allow general 
correlations to be made, so that the re- 
sults of Suspensoid cracking on unfami- 
liar feed can only be estimated in a 
very qualitative manner.” 


The report on earlier experience by 
Imperial Oil with Suspensoid catalytic 
cracking, as presented before the Cana- 
dian Institute of Chemistry, brought out 
that plant scale operation of this process 
has been carried on since 1940. The 
catalysts used were natural and activated 
clays which had been previously used 
to contact-treat lubricating oils. 

Typical operating conditions were coil 
outlet temperatures of 1045 to 1055°F 
and coil outlet pressures of 350 to 450 
psig. It was found possible to increase 
the fresh feed rate to the coils over and 
above that used in the previous thermal 
cracking operations and still gain an 
advantage in the octane number of the 
distillate produced, of approximately 8 
points by the ASTM Motor method and 
11 points Research. 

Appreciable yields of propylenes and 
butylenes were also produced in these 
operations. This feature of the process 
was utilized when the rubber emergency 
arose during the war, and a Dominion 
government synthetic rubber plant was 
built at Sarnia. To supply the maximum 
quantity of butylenes for this plant, the 
severity of cracking in the Suspensoid 
operations was further increased, with 
coil outlet temperatures ranging from 
1080 to 1090°F and at somewhat re- 


duced feed rates. Under these operating 
conditions increased octane numbers were 
realized on the 


gasoline produced. 
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TABLE 2—Suspensoid Cracking Feed Stocks from Various Crudes 


(Feed Rate 9 V/V/Hr., Coil Pressure 600 psig) 
Catalyst—Fresh 3A, 10 LB./Bbl. 


Crude Source 


Feed Inspections 
Gravity °API 


Naphtha Content (400° Engler F. B.P.) L.V. % .. 


Engler 50% Point, °F. 


Ge OE. Cp eaceaedeaseeden 


Conversion to Dry Gas—Wt. % on Feed ....... 


Yields—Excluding Polymer Gasoline 
Gasoline, 10 Lb. RVP, 400°F. B.P., L.V. % 


Heating Oil (415-600°F. Boiling Range), L.V. % .. 
Fuel Oil (over 600°F. Boiling Range), L.V. % .... 
alt ae ee 
SE UT ne ee Oo cara a hla Ne nae Se 


Gasoline Octane Numbers 


ASTM Motor method unleaded ............. 
ASTM Motor method +3 cc, TEL ........... 
CFR Research method unleaded ............. 
CFR Research method +3 cc. TEL ......... 


Gasoline Including Polymer—10 Lb. RVP 


en Ss Te OD BE occ ice iercvtovecs 
ASTM Motor Octane Number unleaded ..... 
CFR Research Octane Number unleaded ..... 


Mid-Continent- : 
Louden Jusepin Colombian Lloydminster 

ce. ae 43.3 38.4 $4.5 
40 49 35 27 

.-. 509 439 464 484 
soe oa 11.8 11.6 11.5 
oper 15 15 15 15 
oo CRS 63.0 57.4 56.1 
19.0 13.6 20.2 18.2 

8.5 5.0 5.3 6.6 

are 5.0 5.6 4.7 7.5 
pact 0.8 1.0 0.8 1.1 
soe FOS 77.4 80.0 80.0 
... 83.0 84.2 85.7 84.0 
... 86.0 88.0 91.6 92.5 
.-. 98.2 95.0 96.8 96.2 
a. 68.9 63.1 62.8 
cc 78.3 80.5 80.5 
i<< 90.6 91.8 92.7 


* Excess over requirements to make a 10 Lb. RVP gasoline. 





TABLE 3—Comparison of Thermal and Suspensoid Cracking Results 


Yields Excluding Polymer Gasoline 


Gasoline, 10 Lb. RVP, 400°F. End Pt., L.V. % .... 


Heating Oil, L.V. % ..... 


Coke, Wt. % 


Gasoline ASTM Motor O.N. unleaded ........ 
CFR Research O.N. unleaded ....... 
CFR Research O.N. +38 cc. TEL .... 


Yields Including Polymer Gasoline 


Gasoline, 10 Lb. RVP, 400°F. End Pt., L.V. % .... 


.. & 3 ee eee ee 
Excess Butane,** L.V. % 
Coke, Wt. % 


Gasoline ASTM Motor O.N. unleaded 
CFR Research O.N. unleaded 


, Fuel Oil, 10° API Gravity, L.V. % ......... 
ees TI Bis Te occ cee scececceese 
Dry Gas (Propane and lighter), Wt. % ....... 


Fuel Oil, 10° A.P.I. Gravity, L.V. % ....... 


Dry Gas (Propane and lighter), , 3 er 


CFR Research O.N. +3 cc. TEL .... 


Thermal Suspensoid Cracking® 
Cracking and Normal Severe 
Reforming Operations Operations 

56.1 52.3 53.0 

aaters 12.7 12.7 5.1 
npr 25.6 20.2 19.0 
a 1.3 4.5 6.0 
etter 6.7 12.5 20.4 
mee 0.3 0.2 0.2 
hers oi 65.4 73.2 75.0 
veolss 71.0 82.0 85.0 
icalikoha 84.8 91.4 94.0 
58.3 58.6 62.8 

teas 12.7 12.7 5.1 
Ravinia 25.6 20.2 19.0 
aia Nil Nil Nil 
poate 5.9 10.5 16.8 
oiaas 0.3 0.2 0.2 
ee, 66.6 75.5 78.1 
waums 72.6 85.1 89.0 
ee 85.6 93.2 96.2 


* Catalyst—Natural & Activated Clays from Lube Contacting, 2 Ibs./bbl. of feed. 
*® Excess over requirements to make 10 Ib. RVP gasoline. 





Typical yields from these cperations are 
given in Table 3, which compares re- 
sults from thermal cracking with Sus- 
pensoid cracking under both the normal 
and severe operations. 

Table 3 brings out that, when polymer 
gasoline was included in both processes, 
the Suspensoid operations gave increased 
yields of gasoline with octane numbers 
ranging from 9 to 12 points Motor, and 
12 to 15 points Research, above those 
obtained by thermal cracking of similar 
feed stocks in the same equipment. By 
increasing the severity of the naphtha 
reforming operation, it was brceught out, 
the octane numbers of the pool gasoline 
produced in the thermal case could have 
been raised 3 to 4 points with a corres- 
ponding loss in yield. 

The paper brought out that the ex- 
perience of Imperial Oil Ltd. in full scale 
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Suspenscid catalytic cracking operations 
the past 6 or 7 years has established the 
fact it is a low cost operation, well suited 
to present day requirements. The various 
mechanical difficulties which arose in the 
development stage have been eliminated 
or reduced to such extent that service 
factors equal to those attained in therm- 
al cracking operations were realized. The 
octane numbers of the gasclines pro- 
duced from mixtures of all available feed 
stocks, and therefore representing re- 
finery pool gasolines, invite comparison 
with other processes at present available 
to the industry, it was stated. 


The current studies of the Suspensoid 
process are being continued by the Tech- 
nical and Research Department cf Im- 
perial Oil Ltd., under the direction of 
Dr. R. K. Stratford, Chief Research 
Chemist. 























Want the answer to Low bost — 


HE answer is, let Porocel Corporation put 
your catalyst on activated bauxite. 


Our carrier—Porocel—with a price range of 
2% to 4% cents per pound, costs much less 
than other supports (frequently high-priced 
synthetic materials). Its rugged, granular 
character eliminates the need for costly form- 
ing steps—permits direct impregnation by 
simple, inexpensive techniques. The result is 
savings of 20-50% in initial cost of the ready- 
to-use catalyst. 


Porocel is inert in the great majority of cases. 
The degree of purity in low-iron, low-silica 
Porocel means almost complete freedom from 
unwanted side reactions. Hence, Porocel cata- 
lysts exhibit clean-cut reactions and long life. 
Result? Low unit operating costs. 


With a surface area of about 225 square meters 


per gram and porosity averaging 55% of its 
total volume, Porocel is capable of adsorbing 
large quantities of many inorganic salts or 
other compounds. Impregnation of the active 
ingredient is uniform and widely dispersed over 
areas easily reached by gaseous and liquid 
reactants—most important in surface catalysis. 


Catalysts are made in mesh sizes ranging from 
2/4 to 20/60 or in special grades when desired. 
And these tough, uniform particles withstand 
wide ranges of temperature, pressure and flow 
—stand up under severe handling. 


As pioneer developers of bauxite-supported 
catalysts, we have produced efficient materials 
for others. Now, let us show you how eco- 
nomically it can be done for you. Outline the 
details to: Attapulgus Clay Company (Exclu- 
sive Sales Agent), Dept. D, 210 West Wash- 
ington Square, Philadelphia, 5, Penna. 
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Badger brings you MANY SKILLS IN ONE | 
COMPLETE SERVICE 


A tenes, epoca, ty 
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To conceive, plan, schedule and execute, in 
time-saving sequence, the myriad details 
involved in the engineering and construction 
of a processing plant calls for many skills. 


They must be specialized skills. Diversified 
skills — more than many refining or chemical 
manufacturing concerns can economically 
carry on their own payrolls for use in 
infrequently recurring construction or recon- 
struction projects. 

They must be skills baptized with experi- 
ence on various types of products, processes 
and facilities. And all must be integrated to 
function together — smoothly. 


BOSTON 14 - NEW YORK - SAN FRANCISCO 


PROCESS ENGINEERS AND CONSTRUCTORS FOR THE CHEMICAL, 
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To assemble and maintain such an organi- 
zation is the work of years. Badger’s key 
men represent the composite experience 
required for the design and execution of any 
size processing unit or complete plant. In- 
cluded are technical specialists; process and 
design engineers;' draftsmen; procurement, 
expediting and accounting experts; seasoned 
construction engineers and superintendents; 
experienced plant operators. 


Where else can you hire so much skill and 
experience — at a cost which soon liquidates 
itself in improved products, greater produc- 
tion, substantial operating economies? 


aw _ 
ahi 


Established 1841 


LOS ANGELES - LONDON - RIO DE JANEIRO 


PETROLEUM AND PETRO-CHEMICAL INDUSTRIES 
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Remarxasre ability to withstand corro- 
sive attacks and oxidation from hot oils 
and chemicals resulting in fewer shutdowns 
for re-tubing —longer tube life — lower 
maintenance—have made B&W Croloy 7 
widely known among refineries as the 
“economy tubing”. 

Developed and introduced by B&W, 
Croloy 7 tubing is an intermediate alloy 
that stands up under corrosive attack at 
temperatures up to 1250F much better 


TA-1418-S 








RESISTANCE 
SQUUTL 


than alloy tubing containing 5% Cr— 
50% Mo, though it costs but little more. 
Over nine years’ experience in such services 
fully confirms the time- and cost-saving 
advantages of Croloy 7. 

Technical data on the properties of 
Croloy 7 are available for the asking. “Call - 
on Croloy”’ any time you have a job for 
alloy tubing, for B&W Croloys embrace 
the widest choice of analyses available 
from a single source for refinery uses. 











Seamless and Welded Tubular Products in a full range of 
Carbon, Alloy, and Stainless Steels for All Pressure and 
Mechanical Applications. 

* * * 

Other B&W Products 


THE BABCOCK & WILCOX CO. 
85 LIBERTY STREET - NEW YORK 6, N.Y. 


Stationary and Marine Boilers . . . Boiler Components . . . 
Pulverizers . .. Fuel Burning Equipment . . . Refractories . . . 
Chemical Recovery Units . . . Process Equipment . . . 

Alloy Castings. : 
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WHERE DOES THE SULFUR GO? * 


By M. J. FOWLE and R. D. BENT 


Data is presented on the distribution of sulfur for various types of 


processing operations on mixtures. of West Texas crudes, ranging from 


thermally cracking the whole crude to complex distillation, including cataly- 


tic cracking. Treating methods studied included mercaptan removal by the 


Unisol process, sulfuric acid extraction and catalytic desulfurization of napth- 


thas and furnace oil. Vapor phase clay treating was found effective in re- 


moving the corrosive sulfur content of high-sulfur, straight-run furnace oils. 


A summary of product quality by three different methods of crude 


processing is given. 


Gasoline produced from West Texas crudes varies 


from 0.15 to 0.25% sulfur content depending largely on the relative yields 


of gasoline, furnace oil and residual fuels. 


For the individual refinery, the ratio of sweet to sour crude and the 


ratio of motor fuel to distillate and residual fuels produced will determine 


the complexity of processing required to meet competitive octane number, 


sulfur and other performance specifications, it is concluded. 


HE current trend in availability of 

crudes is forcing an increasing 
number of refiners to process high-sul- 
fur crude oils. When considering the 
processing of high-sulfur crude, one of 
the first problems faced is: ‘Where 
does the sulfur go?” The answer to 
this question is essential in order to 
define and solve process and final prod- 
uct-quality problems. 

The aim of this paper is to present 
information on the distribution of sul- 
fur for various types of petroleum 
processing. The types of processing 
considered range from the simplest 
thermal cracking operation to a more 
complex combination of distillation; 
desulfurization; thermal viscosity 
breaking, gas-oil cracking, and re- 
forming; and catalytic cracking. 

The major portion of the informa- 
tion to be presented is based on pilot- 
plant and plant-scale processing of a 
collection of crude oils known in the 
terminology of The Atlantic Refining 
Co. as West Texas-New Mexico crude. 
This mixture contans crudes from 
the Hobbs, Eunice, Wasson, Russell, 
Slaughter, Seminole, Ector, and Ward- 
Pecos Pools, with Wasson and Sem- 
inole predominating. Boiling-range. 
Specific-gravity, and _ sulfur-content 
data for a typical West Texas crude 
mixture are presented in Fig. 1. 

It will be noted that, with the excep- 
tion of the high-sulfur content and the 
higher residuum content, this crude is 
quite similar to East Texas. The West 
Texas mixture and, more specifically, 


certain pools in the mix are of inter- 
est for the production of lubricants, 
waxes, and other products. The dis- 
cussion in this paper, however, is lim- 
ited to processes for the manufac- 
ture of gasoline, and distillate and re- 
sidual fuel oils. 


PRIMARY PROCESSING 
Simple Thermal Cracking 


The simplest type of processing for 
the manufacture of gasoline and re- 
sidual fuel oil is the thermal cracking 
of the whole crude. The crude oil is 
charged to the evaporator of a ther- 
mal cracking still, and the gas-oil 
content, together with recycle gas oil, 
is condensed in the bottom of the frac- 
tionator and charged to the cracking 
furnace. Data for this operation in a 
deFlorez-type thermal cracking unit 
are found in Fig. 2. 

Here the hydrogen-sulfide produc- 
tion, and the sulfur contents of the 
gasoline and fuel oil, are related to 
the yield of fuel oil produced. The 
crude oil charged in this case aver- 
aged 1.77% sulfur. Thus it can be 
seen that the major portion of the 
sulfur remains in the fuel oil; and, 
second, that as lower yield (i.e., of low- 
er gravity) fuels are produced, the gas 
and distillate as well as the fuel oil 
increase in sulfur content. 


Crude Distillation 


Crude distillation units vary widely, 
particularly with respect to the pres- 
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Fig. 2—Product sulfur contents for ther- 
mal cracking of West Texas crude oil 


sure of operation and the number of 
stages of vaporization employed. One 
factor to be considered when planning 
the distillation of high-sulfur crude is 
the effect of operating temperature on 
the decomposition of sulfur com- 
pounds. This point is illustrated in 
Fig. 3, which is taken from plant and 
pilot-plant data on the distillation of 


* Presented before Division of Refining, 27th 
Annual Meeting of the American Petroleum 
Institute, Chicago, Nov. 11, 1947. 
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Fig. 3—Relation between furnace con- 
ditions and decomposition of sulfur 
compounds for Texas oil distillation 
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Fig. 5—Sulphur content of products 
from vis.-breaking of high-sulfur stocks 
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West Texas crude. This curve em- 
phasizes the increased decomposition 
to be expected when higher pipe-still 
temperatures are employed. The hy- 
drogen-sulfide production is impor- 
tant from the standpoint of equipment 
corrosion. It should also be borne in 
mind that the mercaptan contents of 
the distillate products increase with 
increasing temperature. 

The distribution of mercaptan sul- 
fur and total sulfur for a typical West 
Texas light straight-run naphtha, pro- 
duced at a 680° F. pipe-still tempera- 
ture, is presented in Fig. 4. Mercap- 
tan sulfur accounts for more than 
half of the total sulfur in this stock. 


Viscosity Breaking 


Viscosity-breaking operations are 
closely associated with primary distil- 
lation, and mild viscosity breaking is 
extensively used to produce gas-oil 
feed for catalytic and thermal crack- 
ing operations. Sulfur-distribution 
data for a mild viscosity-breaking- 
vacuum-flashing operation will be 
found in Fig. 5. The most outstanding 
point in the viscosity breaking of 
high-sulfur stocks is the high-sulfur 
content of the naphtha produced. For- 
tunately the yield of this gasoline can 
be held down to 5 to 10% by employ- 
ing mild cracking conditions. Fuel- 
oil yield is reduced by employing a 


‘vacuum-flash operation. Sulfur-distri- 


bution data for a moderately high-sul- 
fur viscosity-breaker gasoline are 
shown in Fig. 6. 


Reforming 


Thermal reforming of straight-run 
naphtha accomplished about a 45% 
desulfurization, as shown in Fig. 7. 
The extent of desulfurization varies 
somewhat with the cracking severity, 
but there were not sufficient data 
available to include this factor. The 
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Fig. 7—Relation between feed and 
product sulfur contents for reforming 
straight-run naphtha 
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Fig. 8—Sulfur content of products from thermal cracking of gas oils 
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data presented represent an average 
cracking severity equivalent to 10% 
C, and lighter gas production. 


Thermal Gas-Oil Cracking 


As in the case of crude-oil cracking, 
Fig. 8 shows that a large portion of 
the sulfur in recycle gas-oil cracking 
remains in the fuel oil. The distribu- 
tion of total sulfur and mercaptan 
sulfur, with boiling range for a typical 
thermal cracked naphtha, is illustrat- 
ed in Fig. 9. Mercaptans represent 
about 50% of the total sulfur content 
up to a 300° F. boiling point. The 
high-boiling fractions contain increas- 
ingly greater quantities of sulfur com- 
pounds, very little of which is of mer- 
captan type. 


Catalytic Cracking 


Sulfur distribution for catalytic 
cracking differs considerably from 
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Fig. 3—Sulfur distribution for thermally- 


cracked gasoline 
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that for thermal operations. The 
three chief differences are: An out- 
let exists for sulfur to leave the sys- 
tem in the regenerator flue gas; no 
such outlet exists in thermal crack- 
ing. Little or no mercaptan sulfur is 
produced; catalytic gasolines range 
from zero to 0.01% by weight of mer- 
captan sulfur. Polymerization of sul- 
fur compounds is not a factor as in 
thermal cracking, and cycle-stock 
fractions do not contain significantly 
more sulfur than corresponding frac- 
tions in the feed; apparently the sul- 
fur which is polymerized tends to 
leave the system as coke on the 
catalyst. 

Available sulfur-distribution data 
for fluid catalyst cracking of a wide 
variety of stocks with synthetic cata- 
lyst have been correlated, and are 
presented in Figs. 10 to 14, inclusive. 
Per cent conversion, feed-stock boil- 
ing range, and operating temperature 
have been considered as variables. 
No trend in sulfur distribution was 
found for a range of 800 to 970° F. 
operating temperature. There are 
doubtless a number of other variables 
such as the activity and contamina- 
tion of the catalyst, but a greater 
range of data will be necessary to de- 
termine such factors. 


Fig. 10 presents an interesting re- 
lationship between per cent by weight 
of coke, feed boiling range, and the 
proportion of the feed-stock sulfur 
leaving in the flue gas. For normal 
boiling-range feed stocks with a 50% 
point at 650° F. or higher, 10 to 20% 
of the feed sulfur is discharged in 
the flue gas. For lower boiling feeds, 
increasingly greater portions of the 
feed sulfur follow this route. The 
sulfur-distribution correlation pre- 
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WEIGHT PERCENT COKE 
Fig. 10—Relationship between boiling range of feed stock and per cent by weight 
of coke produced, with the proportion of feed sulfur content discharged in the 
flue gas of a Fluid catalyst cracking operation 
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Fig. 11—Correlation for distribution of 
sulfur in products from Fluid catalyst 
cracking 
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PREDICTED PERCENT FEED SULFUR IN DISTILLATE 


Fig. 12—Correlation of predicted with 

actual sulfur distribution in C, and 

lighter, and in distillate from Fluid 
cracking 


sented in Fig. 11 was developed for 
normal boiling-range feed stocks, viz., 
with the 50% point at 650° F. and 
higher. It should be noted that the 
sulfur data are presented in a dif- 
ferent manner from those in the pre- 
ceding charts; i.e., per cent by weight 
of the total feed sulfur in the indi- 
vidual products is used rather than 
the sulfur content of the product. 
Figs. 12 and 13 indicate the predic- 
tion accuracy of the sulfur-distribu- 
tion correlation. The correlation in 
Fig. 11 is based on cutting a 390° F., 
90° point catalytic gasoline. The 
variation of gasoline sulfur content 


PETROLEUM PROCESSING, December, 1947 


f 
‘ 


| 
: 
4 
| 








_ wa a Y 





ae 








Where Does Sulfur Go? 





with changes in cut point is shown 
in Fig. 14. 

Total sulfur distribution for a cata- 
lytically cracked gasoline is shown in 
Fig. 15. No mercaptan-distribution 
data are included, as the mercaptan 
content is negligible. 


TREATING OPERATIONS 


From the sulfur standpoint, treat- 
ing of gasoline and distillate fuels is 
carried out for one or more of the 
following reasons: 

1. Reduction of total sulfur con- 
tent. 

2. Removal of 
compounds. 

3. Improvement of odor. 

4. Improvement of tetraethyl-lead 
susceptibility. 

The oldest treating process still in 
widespread use is the doctor process 
for the oxidation of mercaptans to 


corrosive sulfur 
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Fig. 13—Correlation of predicted with 

actual sulfur distribution in flue gas 

and in total cycle stock from Fluid 
cracking 
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Fig. 14—Effect of cut point on sulfur 
content of catalytically-cracked gas- 
oline 


disulfides. This process accomplishes 
an improvement in odor and corro- 
sive sulfur content with no sulfur re- 
duction, unless practiced in conjunc- 
tion with vacuum rerunning. Nu- 
merous other processes are in general 
use to accomplish the same purposes 
as doctor sweetening. Generally, 
sweetening causes a loss in clear oc- 
tane number with no change in tetra- 
ethyl-lead susceptibility. 


Mercaptan Extraction 

High-sulfur, straight-run and ther- 
mally cracked gasolines contain ap- 
preciable mercaptan sulfur content; 
and most modern refineries practice 
some form of mercaptan extraction, 
primarily for the improvement in 
tetraethyl-lead susceptibility and the 
avoidance of the octane-number loss 
which takes place when sweetening. 
The simplest type of mercaptan-ex- 
traction process is a counter-current 
regenerative extraction with aqueous 
caustic. Such processing accom- 
plishes a 25 to 60% mercaptan re- 
moval, depending on the feed stock 
(proportion of low molecular-weight 
mercaptans} and the equipment. 
More advanced mercaptan-extraction 
processes employing selective solv- 
ents, such as the Unisol process(1) 
and others,(2) accomplish 95% or 
more extraction of mercaptans. 
Mercaptan extraction meets all four 
treating aims listed previously here- 
in. In general, mercaptan extraction 
of higher boiling distillate fuels is not 
very effective. 

Acid Treating 


Sulfuric-acid extraction of sulfur 
compounds is extensively practiced, 
particularly for high-sulfur thermally 
cracked gasoline. Such processing 
generally necessitates a rerunning op- 
eration to remove the polymers 
formed. It has been found that, by 
combining sulfuric-acid treating with 
doctor sweetening and low-temper- 
ature vacuum rerun, the sulfur re- 
moval can be increased considerably 
over conventional acid treating. This 
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Fig. 15—Sulfur distribution for cata- 
lytically-cracked gasoline 
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Fig. 16—Yield and sulfur removal on 

thermally-cracked gasolines for caus- 

tic washing, acid treating and doctor 

sweetening in a low-temperature rerun 
system 
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Fig. 17—Yield and sulfur removal on 

catalytically-cracked gasoline for caus- 

tic washing, acid treating and doctor 

sweetening in a low-temperature rerun 
system 


increase in sulfur removal results from 
the fact that the disulfides formed are 
much higher boiling than their cor- 
responding mercaptans. 

Fig. 16 presents data on yield loss 
to sludge, polymer production, and 
sulfur removal for a treating system 
consisting of caustic washing, acid 
treating, doctor sweetening, and steam 
and vacuum rerunning. It is notable 
that, for the typical thermally cracked 
stocks treated, approximately 35% of 
the sulfur is removed by caustic 
washing, doctor sweetening, and low- 
temperature rerun. Thus, if an acid- 
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treating rerun system is justified for 
reasons other than sulfur removal 
(for gum reduction or improvement 
of stability), it is well worth con- 
sidering the economics of including a 
doctor-sweetening and low-temper- 
ature-rerun step. 

When rerunning doctor-sweetened 
gasolines, temperatures should be held 
below 215° F., and hold-up time at 
215° F. minimized. It can also be 
seen in Fig. 16 that sulfur removal 
increases very slowly above about 
70% removal and 20 lb of acid per 
barrel. For greater removal, higher 
strength acid and/or low-temper- 
ature treating must be considered.(3) 

Fig. 17 contains data for a similar 
treating system on a Fluid catalytic 
cracked gasoline of 0.24% by weight 
of sulfur content. Here it is seen 
that the inclusion of the doctor step 
is ineffective in removing sulfur, be- 
cause the gasoline contains very 
little mercaptan. 

Catalytic Desulfurization—Naphthas 

The catalytic conversion of sulfur 
compounds in straight-run gasolines 
to hydrogen sulfide by passing the 
vaporized product at elevated tem- 
peratures over clay, bauxite, or other 
catalysts has been practiced for many 
years—primarily for the improve- 
ment of tetraethyl-lead susceptibility. 
In Fig. 18 the sulfur content of treated 
naphtha is plotted against clay life 
for an operation treating 300° F-end- 
point West Texas straight-run naph- 
tha over Attapulgus 30-to-60-mesh 
clay catalyst at 750° F. and 1.1 space 
velocity. The average desulfurization 
obtained was 83%. The average gain 
in tetraethyl-lead 
from 0.9 to 1.9 Hebl slope.(4) The 
gas loss for the operation is 0.4% 
by weight, and the gain in clear oc- 
tane number varies from 0.2 to 0.6 


940 
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susceptibility is ~ 


octane number. 

Greater gains in clear octane num- 
ber can be obtained by employing 
more severe conditions or more ac- 
tive catalysts; but such operations 
fall in the catalytic reforming cate- 
and involve a much greater 
yield loss to gas, coke, and polymers. 
In addition, the catalyst is rapidly 
deactivated by coke deposition, re- 
quiring regeneration. 

Catalytic desulfurization has little 
or no application to thermally cracked 
stocks. Experience has shown that, 
with such stocks, the maximum de- 
sulfurization obtainable is limited to 
mercaptan and disulfide sulfur (fresh- 
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ly cracked stocks contain no disul- 
fide). Thus, for thermally cracked 
stocks, mercaptan-extraction proc- 
esses achieve the same desulfurization 
cbtainable by catalytic desulfurization 
without the attendant yield losses to 
gas, polymers, and coke. These losses 
are’ occasioned by reaction of the 
unsaturated hydrocarbons which, in 
turn require frequent regeneration of 
the catalyst. 


Catalytic Desulfurization Furnace Oil 


High-sulfur furnace oils contain 
corrosive sulfur compounds which 
cause considerable difficulty with cor- 
rosion and plugging in domestic burn- 
er systems. These compounds are dif- 
ficult to remove by conventional doc- 
tor treating, acid treating or caus- 
tic washing, It has been found 
that vapor-phase clay treating, 
under conditions similar to those 
employed for naphtha desulfurization 
is very effective in reducing the cor- 
rosive sulfur content of high-sulfur 
straight-run furnace oils. Data for 
the desulfurization of an 0.85-per- 
cent sulfur-content furnace oil are 
plotted against clay life in Fig. 19. 
Based on the hydrogen sulfide pro- 
duced, the extent of the desulfuri- 
zation averages about 10% removal. 

From the mercaptan-content data, 
it may be concluded that the sulfur 
removed is largely mercaptan sulfur. 
The “four-day iron-copper stability” 
is the value obtained by the Atlantic 
chemical stability of furnace-oil test 
method.(5) Correlation with burner 
test work, storage tests, and field ex- 
perience has shown that a value of 15 
is acceptable. It should be noted that 
both the chemical stability and the 
mercaptan content break at about 
4,500-bbl.-per-ton clay life. 

Greater desulfurization of furnace- 


S000. 66000 6 7000 


CLAY LIFE -BARRELS PER TON 
Fig. 18—Catalytic desulfurization of West Texas straight-run naphtha 
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| RED AND PASTES 


F EYE APPEAL of your lubricating oils depends on ‘“‘bloom’’, 
I you'll want to try blending ‘‘Fluoroleum”’ Red and Green 
with your oils for the right shade of green fluorescence. 

These readily solubledyesare complimentary fluorescing agents 
which can be blended to give the desired shade. “‘Fluoroleum” 
Red and Green provide a means of imparting a uniform outer- 
tone to finished oils which have been altered in appearance by 
the addition of detergents or other compounds, or which have 
lost their natural bloom during the refining process. Many 
blue-bloom oils can be given satisfactory green fluorescence by 
their use. 

‘‘Fluoroleum’”’ Red and Green are now supplied in paste form 
for easy handling and elimination of “dusting” effects. Write 
for samples and more details. E. I. du Pont de Nemours & Co. 
(Inc.), Petroleum Chemicals Division, Wilmington, Delaware. 
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BETTER THINGS FOR BETTER LIVING -»-. THROUGH CHEMISTRY 





REG. U.s. PAT. OFF 





POWELL makes a cme line of 





valves designed for OIL REFINERIES 





Class 300-pound Cast Alloy 
Steel Gate Valve with auto- 
matic steam sealing mech- 
anism and explosion proof 
electric motor operator, 





Class 600-pound Cast Steel 


O. S. & Y. Gate Valve. 








Gate Valve. 


Class 300-pound Cast Alloy 
Steel Gate Valve, built to 
handle high temperatures. 
Has 12” port size venturied 
to 20” size end flanges to 
accommodate insulated pipe. 
Has explosion-proof electric 
motor operator. 


ei 


ray oD) 


125-pound Iron Body 
Bronze Mounted or All 
Iron ‘‘Master Pilot” 
Gate Valve. 


aT 





200-pound Bronze Globe 
Valve with renewable 
Stainless steel seat and 
regrindable, renewable, 
wear-resisting ‘‘Powell- 
ium” nickel-bronze disc, 


200-pound Bronze Gate 
Valve with renewable 
‘“‘Powellium” nickel- 
bronze disc. 





Large 125-pound Iron 
Body Bronze Mounted 
or All Iron O. S. & Y. 






Class 300-pound Cast Steel 
Swing Check Valve. 


More than a century ago, the Wm. Powell Com- 
pany adopted a definite, long-range policy, namely, 
to concentrate on making valves—and valves only 
—for all branches of industry. As a result Powell 
has been able, through the years, to meet each new 
flow control requirement as it has arisen. Thus at 
any given time in more than a hundred years, the 
Powell Line has always been complete. 


As of today, the Powell Line includes Bronze and 
Iron Valves of all required types, designs and sizes; 
Cast Steel Valves of all types in pressure classes 
from 150 to 2500 pounds; and Valves for Corrosion 
Resistance, available in the widest range of metals 
and alloys ever used in making valves. 


The Wm. Powell Co., Cincinnati 22, Ohio 


DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 





125-pound Iron Body Bronze 
Mounted or All Iron O. S. 
& Y. Globe Valve. 


Class 300-pound Cast Alloy 
Steel O. S. & Y. Angle 
Valve. Streamlined areas 
through the body minimize 
pressure drop. Adapted 
for high temperatures. 





Class 300-pound Cast Alloy 
Steel Gate Valve for ultra- 
uy high temperatures as in 
T. C. C. Has drain valves 
in stuffing box and bonnet 
and cooling fins to dissipate 
the heat. Gear operated. 


Class 150-pound Cast Steel 
O. S. & Y. Gate Valve. 
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Where Does Sulfur Go? 





TABLE 1—West Texas-New Mexico Crude Processing Yields and Sulfur Content 


— ——Case 2—— ——Case 3—— 
Per Cent Per Cent Per Cent 
by by by 
Weight Weight Weight 
Barrels of Sulfur Barrels of Sulfur Barrels of Sulfur 
Crude fractionation 
Crude-oil charge .. 100.0 1.81 oie me 100.0 = 
oak se a ne dob wv Std, DAO E U4 debe Re eee ae or ek ne eae pe 21.1 0.21 as Kenn 21.1 oa 
IIE 65a ox 6s achcgie  asics ack GE mie win RAE RAN RRR a Gare kee meh A ore a 12.5 0.56 eeee sees 9.0 a $3 
EE 0a. fi 3am aos as uke Wd SW ais Fae a oe a wetness lars sige meen 23.5 1.23 Jone eer 10.0 an 
i ai ins aa: ib tacikinsWWhie ew Sook ent WE Rg a eo ag nee 5.0 1.80 vee oeps 22.0 He 
SE I ooo on nawdilan sane eed ecod s¥EERn ewieareoesses - 38.0 3,02 beeve ee 38.0 : 
Viscosity breaking 
EE Se rT a Ee Se eee een er 38.0 3.02 38.0 wy 
i oo te cela d thd hubba tink va maaadirics 3.6 1.0 . . 3.6 -y a 
SR A Re eR ae PRINT PREC Hea AE ORE I 185, OS 13.2 1.60 : 13.2 Hee 
i le AE RET i BIA lS Nee AT I AR MENGES: 21.4 3.43 : 21.4 . 
Vacuum flashing 
I rE ee nr ee re 21.4 ~ 
I ge cs hes tas ar haces leh all cc Abiap MhinibGedbe BTA ee i mE 8.0 4.04 
EEE Gp sect eca aicohusnsus Licngind ohebanwideadkokeceastann kam 13.4 . 
Thermal cracking 
aT dare nigh Wag o-8 SE Rie eS RES MO Kaw A ae a , 18.2 1.67 ieee eee 
sein i's ik din gigh Ba Be wees EER AEE OW EO ern ke Wine ows oaea Aa 100.0 1.81 
So aha aa ote wig arin Goran Gla sprbnccha oad weed wick MICA aid oo 9.3 0.37 56.3 0.36 
NE ices oe aco tao Gace ria Ra OLRA eG Bale haha be Rs bee kara on 7.9 2.80 32.2 3.04 
Reforming 
I ao oct nodh uses bud ee edaa as eadneebaoeueds 12.5 0.56 ben roe 9.0 a 
nea ooo ata aces ies ike ake acca Gis PE oe ac Ga Oe ears ee Re 11.1 0.315 éwae ohio 7.9 . 
Catalytic cracking 
cd or drbcakt sb ascee kel cornkee er ewan RA nae RO Ree OSA OO arated iene eer ye 43.2 1.67 
I 6 aise ia yeaa. acpi inn Xa wen ria eo bo whew Wier Sia Bo hie ale ew bs ae eas oe meee ein 15.3 0.40 
IE oa or ahin aia pualeiia wi dapsama Med warcsen menien rane see eae oes ones wees, 15.8 1.33 
Ns fe Bink cdi an asics en Shae FN ok ak ae Oe ea CAA OE OE oa aad ane tas dion 5.2 1.89 
ED, oo cc ma crn winlerain oie a OP WE hE eR Oe Fas abe eeaoks 825 4.55 
Naphtha desulfurization 
esas. Stas ace, chic ae giatalig Gk wlaraome aca BUN antinori 21.1 0.21 21.1 0.21 
I a ga ae oe gn ope Le 21.1 0.042 21.1 0.042 
Furnace-oil desulfurization ° 
I a sare en he ae 6 ara os ke a 23.5 1.23 Sonsts oe 10.0 0.81 
ie 0 tc ee eaten wie Raseini a alee ae hee Bie 23.5 1.13 oeee — 10.0 0.69 
Gas recovery, purification, polymerization, and alkylation 0 
10-Ib polymer and/or alkylation product ...................ceeceeeuee 1.0 0.10 4.8 0.10 4.7 0.1 
er et SY os ae eins wclteaeneeeeewben Wen deaebhedee Co%6saceoownes 1093 8.08 2561 23.5 1402 10.6 
Unisol treating total thermally-cracked, viscosity-broken, and reformed 
10-lb gasoline ; 
NS io ite bubs dione scat Bie He Shae eee 24.0 0.437 56.3 0.36 11.5 0.502 
ee SN aia aac ah lnck wie Raha Radia eswad panthad Lame enees 24.0 0.357 56.3 0.25 11.5 0.410 
Acid treating heavy fraction, Unisol treating light fraction of total ther- 
mally-cracked, viscosity-broken, and reformed 10-lb gasoline 
Acid treating: 
ae oc on io al alto a am Duis Rn a Le ae 21.2 0.425 49.5 0.36 10.2 0.478 
SURE MI IIE io Since os ov wccoeoc onic ood vee v ceQiken neuis/aurans 21.0 0.290 49.0 0.25 10.1 0.326 
Unisol treating: 
I I os ced sich wis sg dai x wus wae ate gall near ke awines 2.8 0.543 6.8 0.33 1.3 0.739 
Se I II os diss bora Re Fok eee ok dkeks albeainknkenees 2.8 0.122 6.8 0.07 1.3 0.176 





oil boiling-range material by vapor- at 
phase clay treating is possible, but 38 or 
frequent regeneration of the clay is ae 0. 
required. Fig. 20 contains laboratory Ey 
regenerative desulfurization data for $a 
a 0.93% sulfur-content West Texas — 
straight-run furnace oil. From this 
plot it is apparent that the extent of 
desulfurization is a function of the 
coke deposit on the catalyst. 


Overall Process Summary 

To summarize the data presented 
thus far, three of the many possible 
methods of completely processing 
West Texas crude to fuel products are 
shown in accompanying Fig. 21, 22, 
and 23. Volume and _ sulfur-content 
data for the charge and products 
in the various operations are shown 
in Table 1. Yield, octane-number, and 
sulfur-content data for the final 
products in the various cases are 


PRODUCTS 


PERCENT SULFUR REMOVED 


° 
4 


0.0 


° 





CHARGE 


WEIGHT PERCENT WEIGHT PERCENT 


COPPER IRON MERCAPTANS IN MERCAPTANS IN 


FOUR DAY 
STABILITY 





PERCENT 
CARBON ON CATALYST 


BARRELS PER TON OF CLAY 


summarized in Tables 2, 3, and 4. ; pose yee Rhcsing Aine ; 
It should be emphasized that no at- Fig. 20—Effect of carbon deposit on renal 
tempt has been made to achieve a Fig. 19—Catalytic desulfurization of fur removal in the catalytic desulfuriza- 
direct comparison of catalytic vs. West Texas furnace oil tion of West Texas furnace oil 
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Fig. 21—Case 1 method for processing 
West Texas crude to fuel products 


thermal cracking, and that many 
other variations are possible in Cases 
1 and 3. 

Examining the product summaries, 
it can be seen that the gasoline pro- 
duced from West Texas crude varies 
from 0.15 to 0.25% sulfur content, 
depending to a great extent on the 
relative yields of gasoline, furnace oil, 
and residual fuel oil produced. Fur- 
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Fig. 22—Thermal cracking of West Tex- 
as crude (Case 2) 


petitive from an octane-number value 
standpoint. 

The final choice of the exact proc- 
essing scheme employed will depend 
on many factors, but it is hoped that 
the data presented will narrow the 
field for those refiners to whom sour 
crudes are exactly that. For each in- 
dividual refinery, the ratio of sweet to 
sour crude and the ratio of motor fuel 





oc 





Fig. 23—Case 3 method for processing 
West Texas crude 
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TABLE 2—West Texas-New Mexico Crude-Processing, Overall-Product-Yield, Octane-Number, and Sulfur Data 




















Case 1 
Acid-treated Unisol-treated 
‘ CFR Research CFR Research 
> .€° F Volume Octane No. Volume Octane No. 
Barrels Without Sulfur Barrels Without Sulfur 
Per 100 Addition of Per-Cent Per 100 Add:tion of Per Cent 
Bbl. of Tetraethyl by Bbl. of Tetraethyl by ' 
Stream Crude Lead Weight Crude Lead Weight f 
Desulfurized straight-run naphtha ........ 21.1 61,1 0.042 21.1 61.1 0.042 ' 
Reformed gasoline .......cceeeesececcees 11.0 66.4 11.1 67.8 
Viscosity-broken gasoline .............-.. 3.6 70.9 0.273 3.6 72.3 0.357 
Thermally-cracked gasoline ..........+++. 9.2 76.8 9.3 78.2 
PORVEREE GF GINPTREE «cece ccccccccccccscs 1.0 110 0.10 1.0 110 0.10 
SOSEE DOG GUTS ccccecvccccceccceses 45.9 Without TEL ....... 67.4 0.165 46.1 Without TEL ....... 68.1 0.210 
1 ml TEL per gal. .. 76.1 1 ml TEL per gal. .. 76.5 
With 2 ml TEL per . With 2 ml TEL per 
Ge tncaee veeees 79.6 BW sdvcked buck ewn 79.9 
I Ch ccvawnd ceee nbd beeeeweaemeamne Te seu 1.13 ete 
Dt Ci Sah caceheaeehens wets deeakenns 29.3 or 3.28 





TABLE 3—West Texas-New Mexico Crude-Processing, Overall-Product-Yield, Octane-Number, and Sulfur Data 

















Case 2 
Acid-treated Unisol-treated 
CFR Research CFR Research 
Volume Octane No. Volume Octane No. 
Barrels Without Sulfur Barrels Without Sulfur 
Per 100 Add:tion of Per Cent Per 100 Addition of Per Cent 
Bbl. of Tetraethyl by Bbl. of Tetraethyl by 
Stream Crude Lead Weight Crude Lead Weight 
Desulfurized gasoline .......ccccccccscese 55.8 68.4 0.230 56.3 69.8 0.250 
Polymer or alkylate Vewaengeatouake 4.8 110 0.10 4.8 110 0.10 
ee Ss Db cccccecsaccsseneesse GO Without TEL ....... 71.7 0.220 61.1 Without TEL ....... 73.0 0.239 
1 ml TEL per gal. .. 79.6 1 ml TEL per gal. .. 80.4 
With 2 ml TEL per . With 2 ml TEL per 
GE «ecccesessesces ERG Sua icmeweniee §3.7 
SE TED ih Aide aces onic al’ wee ons dca Sid he ia 32.2 wane 3.04 oe 





TABLE 4—West Texas-New Mexico Crude-Processing, Overall-Product-Yield, Octane-Number, and Sulfur Data 

















' 
Case 3 ' 
Acid-treated Unisol-treated —_——_————- 
. CFR Research CFR Research 
Volume Octane No. Volume Octane No. 
Barrels Without Sulfur Barrels Without Sulfur 
Per 100 Addition of Per Cent Per 100 Addition of Per Cent 
em Bel. ot Tetzncthgt “a Bbl. of Tetraethyl by 
rude eight ru H 
Desulfurized straight-run naphtha ...... 21.1 61,1 0.042 a ‘an ‘oe f 
Reformed gasoline ...................... 7.8 66.9 7.9 68.3 ; 
Viscosity-broken gasoline ................ 3.6 70.9 } 0.312 3.6 72.3 0.410 
Polymer or alkylate .................... 4. 110 0.10 4.7 110 0.10 
Catalytically-cracked gasoline ........... 15.3 94.3* 0.40 15.3 94.3* 0.40 
Total 10-Ib. gasoline ................... 52.5 Without TEL ....... 79.2 0.214 52.6 Without TEL ....... 79.5 0.235 
1 ml TEL per gal. .. 85.3 1 ml TEL per gal. .. 85.4 
wo 2 ml TEL per me With 2 ml TEL per . 
° i Mth eudc ewan d 
I a a 25.8 _ persis 1.14 See neaeaesrneR nS — 
oh etiidehear arta nbechbatte: ogre. 18.6 2.97 aces 


* Base octane number of catalytically-cracked gasoline: pool octane number is co "ine ne 1 acatiiats 
cracked gasoline. & poo corrected for increased blend octane number of catalytically 
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PUTTING WASTE GAS TO USE y 
with CLARK BIG ANGLES 















ELEYEN 6-CYLINDER CLARK “BIG ANGLE” GAS-ENGINE. 
DRIVEN COMPRESSORS TOTALING 13,200 8.H.P.IN 
EUNICE, N. M. COMPRESSOR STATION OF EL PASO 
NATURAL GAS COMPANY. 





Big jobs are regular assignments for Clark 
“Big Angles”. That’s why El Paso Natural 
Gas Company picked these powerful, compact | 
compressors for their big project of reclaiming, treat- 
ing and pumping flare gas from Texas to California. 

These are installed on that part of the line which gathers all 
the gas for main line operation. If any of these units in the first station 


on the line were to go down, the entire system would suffer. 
Twenty-one Clark “Big Angle” Compressor units, totaling 23,200 
B.H.P., are already in use for gas booster service on El Paso Company FIVE 5-CYLINDER “BIG ANGLE 


° e ° ° ° ee UNITS, ALSO IN GAS BOOSTER 
pipe line operations. Units totaling more than 24,000 additional SERVICE ON THE EL PASD COM 


B.H.P. are on order PANY’S PIPE LINE, TOTALING 


CLARK BROS. CO., INC. * OLEAN, NEW YORK 


BOSTON + CHICAGO + HOUSTON - LOS ANGELES - NEW YORK ~- TULSA + WASHINGTON 
LONDON - BUCHAREST, RUMANIA + CARACAS, VENEZUELA 


OF FUT 


ONE OF THE DRESSER INDUSTRIES 





SETS THE PACE IN 
COMPRESSOR PROGRESS 
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SoRPATSYZACIDS ep 

All Emery fatty acids are made to uni- 

form specifications, with titres and other 


physical and chemical characteris- 
tics established for optimum 
performance in compounding 
_ greases and “special” lubri- - 
cants, i 





-TWITCHELL BASE 262 














A base for “tailor-made” sol- 
uble oils, Adjusted using a 
representative sample of your 
lube oil, Twitchell Base 262 
produces an emulsifiable oil 
with minimum quantities of 
base‘and maximum emulsion 


stability. 


LARD OIL 
#1GRADE 
A ” Made by the “Emer- © 

/ sol’ Process to, specifi- 
cations corresponding to 

‘ . ‘those generally used in the 

trade, Emery’s. Lard Oils 
“are characterized by a uni-: 


Chemicals 
for 


ey 
¥ ae 2 


We 


yy 
y.. 


)/ tendency 


MET elec alars, 
nYe) (0) 0) (O21 


Greases and 








EMERY’S 
OLEIC ACID. 






For fatty-base soluble oils 
and petroleum specialties 
Emery “Elaines”, the 
most stable oleic acids 
manufactured, exhibit 
_greater resistance to oxi- 
tion and a lessened 
toward rancid- 


ee 





STEARIC ACID 


“Emersol” proc- 
. essed stearic acids 
available in all grades 
corresponding to usual 
Single, Double and Triple 
Pressed specifications, 
show highest stability of 
color and odor, qualities 
which are transferred in 
_ most instances to the 


7 
g 
? 





formity uncommon in such :*” finished product. 
products. Available also # 4 p ee \, 
with pour points lower. ‘ 
Nee Hi aoe etroieum \ 
specifications. ate fi 2 ” . 
me Le gS at lalti VEGETABLE 

/ woroosnarco WMD BALL VEGETABLE, 


“FISH OIL AND 
TALLOW FATTY ACIDS: =X 
Made from carefully select- 
ed stocks, Emery’s Hyfacs ~~ 

and Hydrogenated Tallow 
Fatty Acids provide higher ~ 
melting point—lower iodine 

| value fatty ‘acids, Typical 
\ Specifications for Hyfac 52 
\ show titre, 51 to 53° C 
\ (128.8 to 127.4°F), 
\ max. IV 10. : 
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~ BASE -X-260 


Emery= manufactures a 
centrate which when 
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EMERY 


INDUSTRIES, INC. 


CAREW TOWER > CINCINNATI 2, 
187 Perry Street 
LOWELL, MASSACHUSETTS 


3002 Woolworth Building 
NEW YORK 7, N. Y. 


OLEIC ACID + ANIMAL AND VEGETABLE FATTY ACIDS + TWITCHELL PRODUCTS + PLASTICIZERS 
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STEARIC ACID 
044 









/” RUST. PREVENTATIVE 


with suitable lubricating oils, greases, 

or waxes, provides excellent protection 

* against rusting. Recommended especially. 
for intermittent storage and for protect- 

~ ing working“parts of: machines 

‘subject to constant corrosive _ 

= “conditions. 


‘Emery’s list of Vegetable 

Fatty Acids includes dis- 
tilled coconut, cottonseed 
and soya fatty acids. De- 
tailed specifications on re- 
quest, ~ 








con-. 


blended 
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CRACKING CATALYST SYMPOSIUM 





Tests on Cracking Catalysts Used 
In Control of Commercial Units 


A variety of test methods, de- 
veloped by oil and allied companies, 
for evaluating cracking catalysts as 
to their behavior in the catalytic 
cracking of petroleum, were pre- 
sented at the Symposium on this 
subject Nov. 10, sponsored by the 
Refining Division as part of the API 
annual meeting in Chicago. 

The methods can be briefly sum- 
marized as short-time procedures, 
using small amounts of catalysts 
measured in grams or milliliters to 
attain data that can be applied in 
the control of the large-scale com- 
mercial units circulating hundreds 
of tons of catalyst a day. The tests 
are also included in general re- 
search work to improve the effi- 
ciency of commercial catalytic 
cracking operations. 

The 14 test methods presented 
at the Symposium are of three clas- 
sifications: 

1—Laboratory physical and 
chemical methods which determine 
properties of cracking catalysts 
such as, for example, the aromatic 
adsorption index, which can be cor- 


related with the activity of the 
catalyst in a hydrocarbon conver- 
sion reaction. 

One group of this type of tests 
includes methods for directly de- 
termining particle-size distribution, 
which is an important factor in 
plant operation. 

2—Laboratory and _ bench-scale 
cracking units, where the catalyst 
is tested under conditions simulat- 
ing those in commercial operations. 
Catalyst activity here is based on 
assembled test data, such as con- 
version into liquid products, gas- 
and coke-formation and others. 
There are various modifications of 
these methods. For example, out of 
test work over the past 11 years, 
in which some 5000 small-scale 
runs have been made, the Whiting 
research laboratories of Standard 
Oil Co. (Indiana) have developed a 
fixed-bed test unit which passes 
about 200 ml. of a standard gas oil 
feed stock through 80 ml. of powd- 
ered catalyst. Relative activity is 
reported as based on the determined 
activity of a reference catalyst. 


14 





PAPERS 


Included in this group of tests 
described at the Symposium was 
the so-called standard CAT “A” 
test of the Houdry Process Corp., 
which at present is being used in 
more than 20 different laboratories. 
This test, which consists of a small 
laboratory-scale cracking unit tak- 
ing 200 ml. batches of catalysts, 
was first developed in 1938. 


3—One example was presented 
at the symposium of the third clas- 
sification of catalyst test methods. 
This is by pilot-plant test in the 
same equipment in which general 
research and development work on 
catalytic cracking is carried on. 
Universal Oil Products Co. tech- 
nologists described their procedure 
in a pilot plant charging 3-4 barrels 
per day of feed stock. 


Harry Levin, The Texas Co. 
laboratories, Beacon, N. Y., pre- 
sided at the morning session of the 
Symposium and E. L. Baldesch- 
wieler, Esso Laboratories, Stand- 
ard Oil Development Co., Elizabeth, 
N. J. at the afternoon session. 
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Macuga, and L. N. Leum Saeed sarc ee 2, reas 951 
Determination of Activity and Selectivity of 

Cracking Catalysts, R. V. Shankland and . 

George E. Schmitkons .... Pe 
Small-Scale Laboratory Testing of Cracking 

Catalysts, G. F. Hornaday and D. B. Ardern ....... 955 


Standard Laboratory Method for the Deter- 

mination of Cracking Catalyst muosnens 

J. Alexander Re el tedetat ccs, wo 
Int. Pilot-Plant-Scale Cracking Units: 
Pilot-Plant Evaluation of Fluid Cracking 

Catalysts, H. W. Grote and C. R. Olsen ee 
Note: Complete texts of all papers presented in this 
Symposium will be published in the Proceedings of the 
Refining Division of the 27th Annual API meeting. They 
should be available the early part of 1948, Refining Di- 
vision Director W. T. Gunn has. announced. 
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Accurate Particle-Size 
Determination of Fluid 
Catalyst by Coordination of 
Roller Analysis and 
Microscopic Examination 


By John T. Wiley, Joe E. Deloney, 
and 8. Walter Denton, The Texas 
Co., Port Arthur, Texas 


N increasing demand for an ac- 
curate method for sub-sieve par- 
ticle-size distribution in cracking 
catalysts, because of appreciation of 
its chemical and physical importance, 
has made it necessary to evaluate dif- 
ferent methods that are used to de- 
termine the particles lying within dif- 
ferent ranges, this paper brings out. 
Experience with the Roller method 
has brought out modifications that 
have tended to improve its accuracy 
with fluid catalyst samples. The ac- 
curacy and reproducibility of the Rol- 
ler apparatus is described; some of 
the variables are discussed and the 
solution of the variables is given. 
The Roller physical method for de- 
termining particle-size distribution of 
sub-sieve catalyst is described as fol- 
lows: 

“The Roller method is an air-elu- 
triation method used to separate ma- 
terials into fractions of different size 
particles by carrying upward in an air 
stream those particles too small to 
settle against the upward velocity of 
the air. Elutriation methods are based 
on the same laws, and are affected 
by the same conditions, as sedimen- 
tation methods. 


“One advantage of elutriation 
methods over sedimentation methods 
is that elutriation methods yield frac- 
tionated products which may be 
studied separately from the whole 
material, and photomicrographs can 
be made of each separation for per- 
manent records if desired. 

“The theory or law upon which the 
Roller design depends is Stokes law, 
as follows: 


v=10" gpd? 


18n 
Where: 
v= terminal velocity (cm per 
sec) in stationary fluid. 
constant of gravitation [in 
cgs (metric units)]. 
p = density of particle, g per cu 
cm. 
n= viscosity of fluid [in cgs 
(metric units) ]. 
d= diameter of sphere in mi- 
crons (1 micron = 10-4 
cm).” 

The Roller method of analysis as 
used in The Texas Co.’s Port Arthur 
laboratories is described in detail, in- 
cluding the examination of separa- 
tions under a measuring microscope to 
determine the homogeneity and quali- 
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ty of the separation. Reproducibility is 
indicated to be approximately + 1.3% 
from the average, due to improved 
apparatus and strict adherence to 
standardized procedure. The pre- 
cautions essential to accurate repro- 
ducible results are listed. The con- 
clusion of the paper states: 


“The Roller method with carefully 
standardized apparatus, using the 
modified filter trap and close correla- 
tion of air flow with density, is a 
convenient rapid method that gives 
reproducible results when used along 
with a measuring microscope. Photo- 
micrographs can also be taken on 
any separation for a permanent rec- 
ord, if desired. An experienced oper- 
ator can make 4 Roller analyses, and 
check ‘the results under the micro- 
scope, within 8 hours.” 


Aromatic Adsorption Index for 
The Estimation of Surface Area 
And Catalytic Activity 


By T. W. Pratt, M. W. Kellogg 
Co., New York City. 


HILE no single index to all of 
the catalyst variables is avail- 
able, the aromatic adsorption index 
provides a means for rapidly and 


simply detecting changes in the cat- 


alytic surface available, and changes 
in activity due to the destruction of 
catalytic surface either by heat or 
steam. 

Detailed procedure for the deter- 
mination of the aromatic adsorption 
index, as well as experimental data 
and correlations concerning the effect 
of variables upon the resulting value 
of the index, are given in an appendix 
to the paper, which describes briefly 
the steps in determination of the in- 
dex as follows: 


1. Drying—2 hours at 850° F. for 
fresh catalyst, or 2 hours at 1000° F. 
for used catalyst. 

2. Adsorption — 3.50 g. of dried 
catalyst are shaken with 5.0 ml. of a 
30% toluene—70% isooctane mixture 
for 2 hours at 77° F. 

38. Analysis—The analysis of the 
solution before and after contact is 
performed by determining the refrac- 
tive index n,. The change in the re- 
fraction index times 104 is the ad- 
sorption index. 


The aromatic adsorption index af- 
fords a means of estimation of the 
‘nitrogen area” of the catalyst, re- 
gardless of the catalyst source or his- 
tory. “Butane areas” can be estimat- 
ed accurately from the index if the 
history of the catalyst sample is 
known, inasmuch as it has been found 
that the relationship is altered de- 
pending upon whether the surface 
has been subjected to heat or steam. 

Correlations of the aromatic ad- 
sorption index with activity for type 
“A” and other synthetic catalysts 


show the estimated activity of a given 
sample can be expected to be withi: 
+2% (conversion) of the true activ- 
ity. In most cases correlations for 
catalysts from the same source usec 
in different units under different con- 
ditions will be sufficiently accurate 
for the estimation of activity. How- 
ever, it is usually possible to obtain 
superior correlations for data taken 
from a single unit. 


“The simplicity and rapidity of the 
determination make it an easy mat- 
ter for any refiner to follow catalyst 
changes at very frequent intervals,” 
states the conclusion of the paper. 
“Very little equipment is required, nor 
is highly skilled personnel necessary. 
The determination is not empirical as 
regards time of contact. The systen: 
reaches equilibrium in less than 2 
hours, and may remain indefinitely 
without affecting the results. Fur- 
thermore, there is no problem in ob- 
taining the reagents in the pure 
state, nor do they deteriorate from 
contact with the atmosphere.” 


The Aromatic Adsorption 
Index as a Rapid Method 
For Approximating 
Catalyst Activity 


By W. W. Scheumann and A. R. 
Rescorla, Cities Service Refining 
Corp., Lake Charles, Louisiana. 


N the laboratories of Cities Serv- 

ice Refining Corp. at Lake Charles, 
the standard procedure used for ac- 
tivity determinations for catalysts 
used in fluid catalytic cracking oper- 
ations has been the Kellogg fluidized 
fixed-bed activity test. However, for 
a rapid test method or for a check of 
results by the standard method, the 
aromatic adsorption index has also 
been used. Data is presented showing 
the degree of correlation between the 
two methods. 


This physical method as used in the 
Cities Service laboratory is a modi- 
fication of a procedure developed by 
the Petroleum Research Division of 
M. W. Kellogg Co. It is based on the 
ability of a cracking catalyst to ad- 
sorb selectively aromatic hydrocar- 
bons from a hydrocarbon mixture. A 
brief description of ithe method is as 
follows, as given in the paper, which 
also includes a detailed description of 
the Cities Service modification: 


“The test is carried out by first 
heat treating the catalyst sample at 
a temperature of 850° F. A 3-2. 
sample is then weighed into an ad- 
sorption vessel to which is added 5 
ml. of a hydrocarbon mixture consist- 
ing of 30% toluene and 70% iso- 
octane. The adsorption vessel is 
shaken in a mechanical shaker for 
2 hours, after which the refractive 


PETROLEUM PROCESSING, December, 1947 











=i a 


i i 


‘ — = or” 


= — 








Testing Cracking Catalysts 





index is determined on the super- 
natant liquid. 

“The aromatic adsorption index is 
the difference between the refractive 
index of the original hydrocarbon 
mixture and that of the hydrocarbon 
mixture after contact with the cata- 
lyst multiplied by 104. 

“This determination requires ap- 
proximately 5 hours’ elapsed time, 
and it is quite apparent that a single 
laboratory operator can carry out a 
considerable number of such deter- 
minations simultaneously, so that the 
man-hour requirements per determi- 
nation are quite small. In addition, the 
only piece of expensive laboratory 
equipment required is a precision re- 
fractometer equipped for constant- 
temperature work.” 


Prediction of the Activity 
Of Cracking Catalysts 
From Heat of Wetting 


By Ivor W. Mills, Sun Oil Co., 
Marcus Hook, Penna. 


TUDY was made of physical prop- 
erties of catalysts which might 
be used for correlation purposes, the 
basic activity used for correlation be- 
ing the volume per cent of motor 
gasoline produced as in the Alexan- 
der-Shimp technique (described in a 
later paper). A physical method was 
developed using a _ heat-of-wetting 
correlation. The catalyst types in- 
vestigated were the pelleted clay 
type and the synthetic silica-alumina 
type, both in the bead and pelleted 
form. 

“Concerning the properties of these 
catalysts which might be useful for 
correlation with activity,” states the 
paper, “it is noticed they are all 
adsorbents and that they exhibit 
high heats of adsorption. 


“In an attempt to develop a correla- 
tion, both properties were investi- 
gated. The amount of heat evolved 
when a catalyst is contacted with a 
liquid is referred to as ‘heat of wett- 
ing.’ This property was determined for 
a series of catalysts using liquids in- 
cluding methanol, water, acetone, and 
acetic acid. Of these liquids, methanol 
appeared to be the most favorable, as 
it gave a good temperature rise, could 
be obtained in a pure state, and was 
easy to handle. Therefore, heat-of- 
wetting data fof the rest of the paper 
imply the use of methanol. 


“The same series of catalysts was 
used to investigate adsorption charac- 
teristics. In these experiments, 10g of 
powdered catalyst were contacted 
with 15 ml. of a 50-50%-by-volume 
mixture of methanol and _ benzene. 
The mixture was placed in a shaking 
machine until the refractive index of 
the liquid phase reached a constant 
value. The refractive-index change is 
a measure of the amount of methanol 
selectively adsorbed. This liquid pair 
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Fig. 1—Modified Roller catalyst aera- 
tion tube 


is probably not ideal for studying 
adsorption characteristics, but it was 
sufficiently good to show that heat-of- 
wetting and adsorption capacity are 
directly related.” 

The apparatus used in the heat-of- 
wetting test is described, the test pro- 
cedure and results of studies, includ- 
ing study of certain conditions which 
may complicate the correlation, such 
as water present on a catalyst and 
carbon and iron oxide contaminants 
The effect on the correlation of 
blends of catalysts of different activ- 
ities is discussed. 


Modification in the Roller 
Analysis for Determination 
of Particle-Size Distribution 


By George L. Matheson, Standard 
Oil Development Co., Elizabeth, 
N. J. 


W ORK with the Roller physical 
method of analysis for determi- 
nation of particle-size distribution of 
cracking catalysts in the Standard 
Oil Development Co. laboratories in- 
cluded study of the problem of par- 
ticle fragmentation during analysis 
and also dealt with the effect of 
changing relative humidity of the 
elutriation air. 

In the determination of particle- 
size distribution of powdered catalyst, 
it is noted, it is important to mini- 
mize particle-size alteration due to 
attrition or fragmentation. The 
Roller U-tub and air jet is potential- 
ly a grinder with its jet velocity of 
220 ft./sec. (when passing 10 grams/ 
min. of air through the 0.070-in. jet) 
and impinging air. Whether this 
grinding will affect the particle size 
depends on the catalyst’s resistance 
to attrition and fragmentation. 

To test this property a modified 
aeration tube (Fig. 1) was made, pro- 
vided with an air distributor in the 
form of a porous plate filled with a 
multitude of tortuous openings that 
prevent catalyst from falling through, 


and also will distribute the air even- 
ly across the surface. 
The modified apparatus was found 


. to give good results with all fluidiz- 


able catalysts except for a few sam- 
ples containing 90% or more in the 
0- to 10- micron range. The difficulty 
here was due to the tenacity with 
which this sample clings to the side 
walls. For such samples, the stand- 
ard Roller apparatus with the air jet 
was found preferable, although it did 
not entirely eliminate the difficulty. 

Comparative tests were carried out 
to study the effect of relative humidi- 
ty of the elutriation air on the deter- 
mination of particle-size distribution. 
The modified aeration tube was used. 
The results indicated, it is pointed 
out, that a high relative humidity 
should be used for Roller analyses. 
The reason for the difference in the 
behavior of new and regenerated 
catalysts, referring to certain tests, is 
described as probably due to the 
new catalyst being a much better 
conductor of electricity than regener- 
ated catalyst. 


The results of the test work indi- 
cate, the paper states, that 50 to 70% 
relative humidity should be used in 
Roller analyses. 

“The performance of the Roller ap- 
paratus should be checked occasion- 
ally, particularly when running new 
kinds of powders, for both quality 
of separation and size range of cuts,” 
it was stated. For this purpose the 
microscope with its micrometer eye 
piece is indispensable for examining 
the fractions obtained.” 


Plant Control Tests for 
Particle-Size Distribution 


Of Fluid Cracking Catalysts 


By K. D. Ashley and W. B. Innes, 
American Cyanamid Co., Stam- 
ford, Conn. 


HE manufacture of large quan- 

tities of fluid catalyst necessi- 
tated the development of rapid and 
convenient control methods for de- 
termining the particle-size distribu- 
tion in order to meet customer speci- 
fications. 


In order to select the best methods 
available, study was made of the va- 
rious physical tests in use for deter- 
mining particle-size distribution. 
Methods examined included: Sedi- 
mentation (a, Incremental; b, Cumu- 
lative; c, Wagner's. turbidimeter 
methods; d, elutriation): Screening: 
Microscopic examination. 

The conclusion was drawn that the 
methods commonly in use on crack- 
ing catalysts for the subsieve frac- 
tions (passing a 200-mesh_ sieve) 
should show satisfactory agreement 
provided conditions are such that 
Stokes law is obeyed. The commonly 
used methods are the hydrometer in- 
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eremental sedimentation test, Roller 
air elutriation, and the sedimentation 
balance method. 

Since the subsieve methods studied 
appeared to be equally reliable, the 
most rapid method, the hydrometer 
method, was chosen for plant testing. 
Details are given as to how this 
method of test was adapted to test- 
ing cracking catalyst. The conclu- 
sion of the paper states: 

“For the subsieve particles, the 
sedimentation methods should all 
yield reliable results, if a ‘non-aggre- 
gating fluid’ is used, and if the prop- 
er densities are employed in Stokes 
equation and for calculating the ‘per 
cent finer.’ Isopropyl alcohol was the 
most suitable liquid found from the 
standpoint of not causing aggrega- 
tion, and because it could be pur- 
chased cheaply in pure form. For a 
porous substance, the particle as de- 
fined by Stokes equation is that with 
pores filled with the sedimenting liq- 
uid. Hence, the pore-filled density 
should be used in its application. 

“For ground catalyst, the average 
particle density in isopropyl alcohol 
is 1.51, and for microspheroidal cata- 
lyst it is 1.40. These values increase 
for both catalysts after use in crack- 
ing units. A skeletal density of 2.30 
is used in the ‘per cent finer’ equa- 
tion. 

“The hydrometer method is a very 
satisfactory method for determining 
the particle-size distribution of the 
portion of the sample passing a 200- 
mesh sieve. The results by this meth- 
od check very closely with those ob- 
tained by microscopic count, etc.” 

The research work of the American 
Cyanamid Co. determined that 
screening offered tthe quickest and 
most accurate method for determin- 
ing particle-size distribution for cata- 
lysts above 62 to 74 microns (230- to 
200-mesh sieves). Blinding becomes 
too troublesome with finer screens. 
The screen method used by the com- 
pany is described. 


Simplified Method for 
Determination of Carbonaceous 
Deposits on Cracking Catalysts 


By F. E. Ray and A. E. Potas, 
Socony-Vacuum Research Labora- 
tories, Paulsboro, N. J. 


SIMPLE method has been devised 
for determining the carbon con- 
tent of catalysts, for use in control- 
ling continuous catalytic cracking 
operations. The method, which is ap- 
plicable directly to granular catalysts 
coarser than 60-mesh, has the follow- 
ing advantages: 
1—It is unnecessary to grind the 
catalyst to a fine powder. 
2—The equipment required is sim- 
ple and inexpensive. 
3—Five determinations can be 
made simultaneously with a total 


™, 


THERMOWELL Mer id x “eri 
OD 18-8 STAINLESS 
STEEL TUBING 


— 


BORSCOISS 





OC 


USOTCOSOSSOOOSOOS 


| 


A 
A. 
naesae soccallia eacgeavencacceeeagl 


Qs 
BOOUGS 





SOSOOOIOSSCOOO SON 5H OMEN 


ORYGEN iNLET 
"OO 18-6 
STAINLESS STL 
TUBING 


O000900G00 S00eCRREGDOGe DS 








{| 
| 








nov 
350 Ww 








ee name 














a 

S 

q 

q 

a 
M"OD 18-8 STAINLESS 
TUBING SLEEVE 











“SLOT CUT IN EACH SLEEVE 


eo THE RMOWELL 
~ ) 
4 


anal 


' OXYGEN INLET 


SECTION ‘A A” 


TO SUPPORT COMBUSTION TUSE 


SCREEN 


PACK BOTTOM s WITH 
COMBUSTION CATALYST 


Ye PS i8-6 
- STAINLESS PIPE 








PIN TO SEAT IN SLOT 


2 RAD 
Vt iOX G"OO SEAMLESS STEEL 
TUBING - 12 INCHES LONG 
INSULATE WITH ASBESTOS STRING 


| 


3° —Yig" ROD 


j 








Fig. 2—Electrical furnace and combustion tube used in cracking catalysts tests 
to determine the carbon content of catalysts 


elapsed time of 2 hours and the ex- 
penditure of 1 man-hour. 


4—It does not require a technically 
trained operator to conduct the test. 


The standard deviation of the test 
method is said to be +3% of the 
total carbon present in the range of 
0 to 7% by weight on the catalyst. 
The test apparatus, procedure and 
calculations are described as follows: 


Apparatus 


The apparatus shown in Fig. 2 
consists of an electrically heated fur- 
nace, combustion tubes, and a gas- 
collecting system and is fully de- 
scribed in the paper. 


Auxiliary equipment consists of a 
flow meter for the control of the 
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oxygen supply, an Orsat apparatus, 
a semi-analytical balance, a riffle 
sampler, and a _ potentiometer for 
measurement of the furnace tem- 
perature. 


Test procedure is described as fol- 
lows: 


“The catalyst sample is carefully 
riffled to approximately 20 g., weighed 
to the nearest 0.1 g., and charged to 
the top section of the combustion tube. 
Oxygen is passed into the furnace 
from a cylinder at a rate of 75 ml. 
per minute for each combustion tube 
in service. The combustion tube is in- 
serted in ‘the furnace and connected to 
one of the calibrated gas bottles. The 
associated reservoir is then lowered 
to start the flow of brine through the 
controlling orifice and, hence, the 
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flow of gas through the combustion 
tube to the calibrated receiver. 

“If the carbon-dioxide content of 
the gas is greater than 60 per cent, 
the results should be discarded, a 
fresh sample of catalyst should be 
charged to the furnace, and 8 liters 
of flue gas collected in 2 gas bottles 
in 180 min. 

“After about. 4 liters of flue gas 
have been collected, the gas receiver 
is shut off and the combustion tube 
removed from the furnace. The vol- 
ume of the collected flue gas is re- 
corded, and the gas is analyzed for 
carbon-dioxide content with an Orsat 
apparatus. A _ sufficient number of 
gas analyses are made so that a 
majority of the values check to 0.2 
per cent of the total gas. 


Calculations 


“The carbon content of the sample 
analyzed is calculated from the vol- 
ume (V in liters) of flue gas col- 
lected, carbon-dioxide content (per 
cent CO,) of this gas, and the 
weight (W in grams) of the sample 
charged to. the combustion tube. The 
volume of flue gas should be corrected 
to standard conditions of pressure 
and temperature (760 mm and 0° C), 
and for the partial pressure of the 
water vapor from the saturated salt 
solution at the prevailing tempera- 
ture.” 

The method developed for deter- 
mining the above correction factor is 
presented in the paper, together with 
an equation for calculating the per 
cent of carbon. 

In accordance with statistical 
methods, sufficient determinations 
should be made on each catalyst so 
that a majority of the values fall 
within a range of 6% of the carbon 
content of the catalyst samples. In 
general, only two determinations are 
required to obtain a _ satisfactory 
agreement, it is stated. 

As a result of test work it was de 
termined that the standard deviation 
of calculated results from actual de- 
terminations is 2.3% of the carbon 
on the catalyst charged. 


Bench-Scale Method for 
Determining Activity of Cracking 
Catalysts in Powdered Form 


By Hubert McReynolds, The 
Texas Co., Port Arthur, Texas. 


HE ideal fluid catalyst-activity 

evaluation method should com- 
bine as its chief characteristics the 
following points, as enumerated in 
this paper: 

“It should be capable of testing 
fluid catalysts without the necessity 
for pelleting. 

“Operating temperatures and tem- 
perature gradients should be capable 
of being measured accurately. 


“The process periods should be 
long enough for tluctuations about a 
steady state to average out. 


“Sufficient charge stock should 
pass through the unit to insure am- 
ple product for testing. 


“The conditions under which the 
test unit separates products into 
liquid and gas, such as receiver and 
knock-back condenser temperatures, 
must be definite and reproducible. 

“Distillation of the liquid product 
should be done by use of an auto- 
matic Hempel column to give a pre- 
cise measure of conversion. 


“A definite pretreatment or condi- 


" tioning of the catalyst, to put it into 


a ‘standard state’ before testing, 
should be adhered to.” 


The test method in use at -Port 
Arthur is described as follows: 


“Briefly, the method consists of 
charging a standard gas oil through 
400 g of powdered catalyst at about 
920° F for 30 min, the resulting 
liquid being stabilized and fraction- 
ated ito yield 400° F-end-point gaso- 
line. The activity of the catalyst 
may be reported in terms of conver- 
sion (100 minus per cent by volume 
gas oil) or the per cent distilled plus 
loss (D + L) on the total liquid prod- 
uct. This method may be correlated 
with other evaluation methods, for 
example, the Jersey method, to ex- 
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“A schematic flow diagram of the 
test unit is shown in Fig. 3. It will 
be noted that it consists of a charge 
system, an upflow fluidized fixed-bed 
reactor, a brine-cooled condenser, a gas 
meter, and a gas-accumulating drum. 
When this equipment is used for ac- 
tivity determinations, a calcined cat- 
alyst is loaded into the unit, and a 
few minutes are allowed for the cat- 
alyst to come to temperature. 


catalyst activity in other 


“The run is then made without 
any further delay. As soon as the 
run has been completed, the catalyst 
is purged with flue gas and drawn 
from the unit. No provision is made 
to regenerate or reuse the catalyst; 
if additional runs are required, they 
are made on fresh portions of the 
same catalyst.” 


Test procedure is described in de- 
tail. Data obtained in the test may 
be expressed in two ways, to esti- 
mate catalyst activity. 


“1) Per cent conversion, which is 
100 minus per cent by volume of 
gas-oil yield; basis, fresh feed; i.e.: 
gasoline, gas and carbon plus loss. 
Fresh Diakel catalyst results in a 
conversion of about 55% on this 
basis. 


“2) The Texas Co. D+L, which 
is 100 minus per cent by volume of 
gas-oil yield; basis, total liquid prod- 
uct; i.e.: 400° F.-end-point gasoline 
produced from the total liquid plus 
distillation loss. Fresh Diakel cat- 
alyst has an activity of approximate- 
ly 40% on this basis.” 


The reproducibility of catalyst 
evaluation data both on the basis of 
Texas D-+L and conversion is shown. 


Design and Operation of a 
Bench-Scale Automatic 
Catalyst-Aging Unit 


By T. Rice. Gulf Research & De- 
velopment Co., Pittsburgh, Penna., 
and F. E. Ivey, Jr., Gulf Oil 
Corp., Philadelphia, Penna. 


S AN AID in evaluating commer- 

cial and experimental catalysts 

for catalytic cracking processes, a 

bench-scale unit has been designed and 

is being operated for investigating the 

aging characteristics of pelleted cata- 
lysts. 


The unit, with slight modifications, 
can also be used to determine the prod- 
uct distribution obtainable from cata- 
lysts at various activity levels, the 
effect of operating variables on prod- 
uct distribution and other information 
pertaining to the operation of com- 
mercial catalytic cracking equipment. 


The two primary considerations 
when the catalyst-aging unit was de- 
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signed were: 1) comparability of the 
operation with commercial and pilot- 
plant operation; 2) ease and simplici- 
ty of operation with a minimum of 
attention. 

The first of these objectives was 
accomplished by patterning the de- 
sign of the bench-scale unit after a 
fixed-bed pilot plant which was not 
suitable for extensive aging studies, 
due to its size. It appeared that ease 
of operation with a minimum of man- 
power could be attained only by the 
use of automatic equipment controlled 
by a cycle timer. The test equip- 
ment and its operation is described 
briefly as follows in the paper, which 
also includes a diagram of the equip- 
ment and full details of its operation: 


“The unit was designed to operate 
on a 30-min-cycle with an on-stream 
period of 10 min., a vacuum- and nitro- 
gen-purge period of 5 min., a regen- 
eration period of 10 min. and a nitro- 
gen-purge period of 5 min. The cycle 
timer was used to control the flow by 
opening and closing in sequence sole- 
noid or motor-operated valves, and 
by starting and stopping the motor 
on the oil charge pump. The timer 
was also used in conjunction with 
safety features for shutting down the 
unit in case of equipment failure. 

“The principal parts of the unit in- 
clude a feed tank, a charge pump, a 
combined preheater and reactor, a 
product condenser and receiver, a gas 
meter, a vacuum purge condenser and 
receiver, a vacuum pump, and a flue- 
gas combustion and absorption train, 
in addition to the equipment for auto- 
matic control. 

“The feed tank, product receiver, 
and vacuum purge receiver have ca- 
pacities sufficient to operate the unit 
for about 36 hours without attention.” 

Typical catalyst aging data is shown 
in which the activities of the pelletted 
catalysts were determined by the CAT 
“A” (Houdry Process Corp. standard 
laboratory) method before aging and 


after approximately 350, 700 and 900 
cycles of the tests. 

Other problems related to catalytic 
cracking which may be investigated 
in this unit on a relative basis are: 

1—Determination of the cracking 
characteristics of catalysts at vari- 
ous activity levels or degrees of con- 
tamination. 

2—Effect of operating variables on 
product distribution. 

3—Effect of various charge stocks 
on the aging characteristics and con- 
tamination of catalysts. 

4—-Determination of the product 
distribution from miscellaneous 
charge stocks. 


A Bench-Scale Test Method for 
Evaluating Cracking Catalysts 


By E. R. Birkhimer, 8. J. Macuga, 
and L. N. Leum, Atlantic Refin- 
ing Co., Philadelphia, Penna. 


SHORT-TIME bench-scale test 

method has been developed in 
the research laboratories of this com- 
pany which has been employed for 
the past three years in catalyst-con- 
trol testing for commercial and pilot- 
plant fluid catalytic cracking units. 
The test has been found satisfactory 
for evaluating the activity of a cat- 
alyst and has shown considerable 
promise as a method suitable for 
measuring product yields. 

The test was designed to run under 
conditions which are within the range 
used in the refinery when operating 
with equilibrium catalyst, in order 
that test conversions, gas yields and 
coke on catalyst would be on the 
same order of magnitude as those ex- 
perienced in the large unit. 

Conditions employed in this activ- 
ity test are given in Table 1. The 
variables, time on stream, catalyst- 
to-oil ratio, space velocity and tem- 
perature were the best estimates 
made at the time of probable operat- 


TABLE 1—Test Conditions—Atlantic 
Activity Test 


ee Ns otcicawonsd 12 min 
Weight of catalyst-to-oil ratio. 10.0 g 
Weight of space velocity...... 0.5 g 
EE Gidctavew ss ciens 900° F 
SEE ec Atmospheric 
i, OC. ) RPPerrrererrerrrrir? fg 
Feed charged per test......... 24.0 ml (20.0 g) 
CEE cbectenceeeens 200 g 
PORTS GED oon cs cccwecsecscns 7; in. indiameter 
ys in. in height 

Trap temperatures: 

Be EE vein 6Gcs xe secs 75° F 

wk ee ee —45 +1°F 


Charge stock ................ Bast Texas fur- 


nace-oil medium 





ing conditions in the plant. Because 
of the difficulties of operating a 
short-time, bench-scale test under 
pressures such as are experienced in 
commercial units, atmospheric pres- 
sure was selected on the basis of con- 
venience. 

In order to operate at the desired 
catalyst-to-oil ratio and space veloc- 
ity, and at the same time to process 
sufficient material in each test for an 
ASTM distillation of the product, 
each test would have required some 
2000 g. of pelleted catalyst. This 
was objectionable because of the 
troublesome and time-consuming job 
of pelieting fluid catalyst and because 
the test was to be used. for pilot- 
plant and research samples where 
large quantities of catalyst often are 
not available. 

It was therefore decided to limit 
the amount of catalyst to 200 g. and 
to develop the test procedure along 
lines of handling small amounts of 
oil. The Atlantic activity test proc- 
esses 24 ml. of oil per test. To handle 
this small quantity of oil with a rea- 
sonable degree of reproducibility, it 
was found necessary to use special 
recovery systems to minimize losses 
and to develop a distillation tech- 
nique that could handle as low as 5 
ml. of synthetic crude. These devel- 
opments are described in the paper. 

A fixed, pelleted bed of catalyst is 
used in the test. The standard feed 
stock is a furnace-oil medium frac- 
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tion from East Texas crude boiling 
between 400 and 600° F. and having 
an API gravity of 37.3. Selection of 
feed stock was based purely on its 
availability at the refinery but later 
work has indicated that low-boiling 
feed stocks were more sensitive to 
differences in catalysts than high- 
boiling feeds. 

The cracking apparatus used in 
the test is shown in Fig. 4. The 
special recovery system developed to 
use with the small amount of oil 
processed in the test, consisting of 
a water cooler followed by a col- 
lection train consisting of two traps 
is shown in Fig. 5. The distillation 
apparatus provides for distilling 5 to 
10 ml. of liquid. 

Calculations made as a routine part 
of the activity test include: 

Carbon yield, % by weight of feed. 

Gas yield, % by weight of feed. 

Recycle (material boiling above 
400° F.) % by volume of feed. 

Conversion (100%-recycle), % by 
volume of feed. 

Volumes of liquid recovered. 

D+ L, % by volume. 

Balance, % by volume. 

“The activity results of the test are 
reported by two numbers, viz., per 
cent by volume of D + L and conver- 
sion. The activity of the catalyst 
from the viewpoint of effectiveness 
for cracking as separate from selec- 
tivity is best expressed by conversion. 
Per cent by volume of D+ L, and 
particularly the spread in numbers 
between D +. L and conversion, is an 
indication of product distribution. In 
addition to these two numbers, car- 
bon yields are also reported as car- 
bon-producing factors.” 

Results obtained in this short-time 
bench-scale test are presented, which 
indicate that it has a contacting ef- 
ficiency comparable to that found for 
the commercial fluid catalytic crack- 
ing unit. 


Determination of Activity 
And Selectivity of 
Cracking Catalysts 


By Rodney V. Shankland and 
George E. Schmitkons, Standard 
Oil Co. (Indiana) Whiting, Ind. 


XPERIMENTAL work on testing 

cracking catalysts has been car- 
ried on in the research and develop- 
ment laboratories of Standard Oil Co. 
(Indiana) at Whiting in which some 
5000 small-scale runs have been 
made. Pilot-plant work has included 
both fixed-bed and moving-bed oper- 
ation, as well as fluid catalyst oper- 
ation. 

This work has resulted in the de- 
velopment and adoption of a fixed- 
bed, test-unit method applicable to 
testing catalyst in any form: viz., 
granules, pills or powder. Steps have 
been taken to insure a high degree 
of precision in the control and meas- 
urement of the important operating 
conditions. 

Data obtained by this test enables 
reporting coke (carbon) and gaseous 
products yields and activity indices 
at standard reference conditions. By 
activity index is meant any of such 
items as the conversion, gasoline 
yield, D + L (distillate plus loss) on 


_liquid product, etc., which are known 


as “activity” in many laboratories. 
However, at this laboratory the cus- 
tom is to report the relative activity. 
This !ast named factor is defined as 
follows: 

“Relative activity is defined as the 
weight of reference catalyst which, 
by comparative runs, gives the same 
degree of cracking as a fixed weight 
of the test catalyst. This involves 
the concept of activity units which 
are proportional to weight of the 
catalyst as expressed in the example: 
2 lb. of catalyst of activity 50 will 
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Fig. 6—Diagram of equipment used by Indiana Standard in testing catalysts 
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accomplish the same degree of crack- 
ing as 1 lb. of catalyst of activity 100 
at otherwise constant (especially 
temperature) conditions.” 

Among selectivity factors, carbon- 
producing is usually rated in the 
same test-unit cracking run employed 
for rating activity. Furthermore, the 
carbon factor is sometimes of more 
economic significance than the activ- 
ity and often appears to undergo 
capricious changes (frequently traced 
to poisoning) in commercial unit and 
pilot plants. The gas factor is also 
conveniently rated in the same run 
with activity and carbon factor. Other 
selectivity factors such as the C,-to- 
gasoline ratio and octane number, 
are usually not rated in routine tests, 
it is brought out in the paper. 

After careful consideration of the 
experimental data accumulated, the 
method of determining and reporting 
catalyst activity in terms of relative 
weights of reference and test cata- 
lyst required to achieve equal conver- 
sions at otherwise identical cracking 
conditions was adopted because it ap- 
peared to have the following inherent 
advantages over other methods: 

(a) The activity rating reported as 
relative activity appeared to be more 
or less independent of the particular 
type of apparatus, feed stock and 
standard operating conditions se- 
lected for the test method and to 
depend almost entirely on the in- 
herent activity of the test catalyst 
and the inherent activity of the refer- 
ence catalyst. 

(b) Because of the above situa- 
tion, comparable activity ratings 
should be attainable by different 
laboratories without the necessity of 
rigidly reproducing all details of ap- 
paratus, feed stock and operating 
conditions—provided the same refer- 
ence catalyst is employed. 

(c) It appeared possible to incor- 
porate improvements in the equip- 
ment or change details of operating 
conditions without changing the rat- 
ings on the original activity scale. 

(d) The interpretation of relative 
weight activities in terms of their 
effect on commercial cracking opera- 
tions should be more direct than rat- 
ings reported as primary results of 
the test. 

(e) Relative weight activities 
should be additive, permitting a ready 
calculation of the relative activity of 
a mixture of two or more catalysts. 


The downflow fixed-bed method for 
testing catalyst was adopted as satis- 
factory for testing powdered catalyst. 
In addition, granular or pilled cata- 
lyst samples can be readily tested in 
the downflow fixed-bed apparatus. 

The reference material used in de- 
termining the relative activity of 
catalysts under test is a very active 
microspherical silica-alumina _ cata- 
lyst. 

The test method as currently used 
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is conventional in some respects but 
embodies numerous refinements both 
in equipment and operational details, 
incorporated to achieve a high degree 
of precision and accuracy. 

The equipment employed in the 
cracking test is shown diagrammatic- 
ally in Fig. 6, and consists of 3 main 
parts: a feed pump and controls; a 
cracking reaction system; and an 
automatic distillation apparatus. 

Test equipment and procedure is 
detailed in the paper, and the selec- 
tion, control and measurement of 
operating conditions is discussed. The 
method of arriving at activity and 
selectivity calibration curves is pre- 
sented. With regard to other appli- 
cation of the test method the paper 
states: 

“In addition to using the test meth- 
od herein‘ described to determine the 
activity ratings and selectivity factors 
of catalyst samples charged to or 
withdrawn from commercial or pilot- 
plant units, the method has been em- 
ployed in connection with various re- 
search problems. 

“These include the evaluation of 
new types of catalyst, determination 
of the effects of contaminants and ac- 
celerated deactivation treatments on 
various types of catalyst, determi- 
nation of the effects of certain oper- 
ating variables in catalytic cracking, 
and the determination of the relative 
ease of cracking and relative carbon- 
and gas-producing tendencies of vari- 
ous potential catalytic cracking feed 
stocks. The last-named application is 
becoming of increasing importance.” 


Standard Laboratory Method 
For the Determination of 
Cracking Catalyst Activity 


By J. Alexander, Houdry Process 
Corp., Marcus Hook, Penna. 


HE PAPER describes in detail the 
CAT “A” catalyst activity test 
which was developed in the Houdry 
laboratories in 1938, in response to 
the need for a quick, inexpensive meth- 
od for evaluating and comparing dif- 
ferent batches of experimental cat- 
alyst. By 1941 the test was being 
used not only in research and de- 
velopment work, but also for the con- 
trol of catalyst manufacture and for 
following the aging characteristics 
and general behavior of catalysts in 
plant operation. 

By 1944 variations of the method 
were used by a sufficient number 
of laboratories that its complete 
standardization was necessary. The 
standardization was accomplished co- 
operatively in the laboratory of the 
Houdry Process Corp. and that of 
the Socony-Vacuum Oil Co., at Pauls- 
boro, N. J. At present the method 
is being used by more than 20 dif- 
ferent laboratories. 

The CAT “A” test is made in a 


954 





The photograph on the cover 
of this issue is the CAT “A” 
catalyst activity test in opera- 
tion in the Marcus Hook labo- 
ratories of Houdry Process 
Corp. 











small laboratory-scale cracking unit 
in which 200 ml. batches of catalyst 
are subjected to operating conditions 
chosen to simulate those of a com- 
mercial unit. Fig. 7 is a flow dia- 
gram of the apparatus. 


Apparatus and Procedure 


The reaction chamber is made up 
of 2 connected sections of 25-mm. 
pyrex tubing, each fitted with a ther- 
mocouple well. The upper section is 
used as a vaporizer, and is filled with 
crushed quartz, a high heat-capacity 
material. The lower section, with a 
capacity of 200 to 220 ml. contains 
the catalyst to be tested. 

The electrically-heated tubular fur- 
nace surrounding the reaction cham- 
ber consists of two sections of pipe, 
preferably separated by a thin layer 
of insulation. The heating elements 
are so arranged that the temperature 
differential from the top to the bot- 
tom of the catalyst bed does not ex- 


+ ceed 10° F. under steady state con- 


ditions. 

The test procedure through the 
cracking and regeneration cycle is 
described in the paper. The charg- 
ing stock consists of a selected batch 
of light East Texas gas oil which has 
been carefully standardized. Test 
operating conditions are as follows: 
Preheater temperature, 830 to 850° F. 
Catalyst furnace temperature, 800° F. 


volume of catalyst per hour, at 5 

ml.(+0.3%) (milliliters at 60° F.) 

per 200 ml of catalyst per minute. 
Pressure, atmospheric. 

Length of cracking period, 10 min. 

The four numerical results neces- 
sary for a complete catalyst evalua- 
tion which can be determined or cal- 
culated by the test are: 


1—Per cent by volume of motor 
gasoline. 


2—Per cent by weight of catalyst 
deposit. 


3—Gas gravity (referred to air). 
4—-Per cent by weight of gas. 


For accurate catalyst evaluations 
it is the custom to make a sufficient 
number of cycles per catalyst to pro- 
duce 3 gasoline yields within 1.5% 
of each other, 3 catalyst deposit 
yields within 0.3% and 3 gas yields 
within 1.0%. The averages of the 
acceptable results are taken as the 
final yields. 

The reproducibility of the CAT “A” 
test has been evaluated through the 
periodic exchange of samples which 
are circulated to approximately 20 
cooperating laboratories every three 
months. The average deviations as 
based on 22 samples tested in 9 to 
19 laboratories, representing approxi- 
mately 400 individual catalyst evalua- 
tions were as follows: + 0.83% for 
the gasoline yield, + 0.14% for the 
catalyst-deposit yield, + 0.58% for 
the gas yield and + 0.04% for the gas 
gravity. 

In order to expand the utility of 
the present testing apparatus, two 
types of modifications have been in- 
vestigated. One is the development 
of a standard heavy-stock activity 
test. Attempts have also been made 
to study the effects of changes in 
the cracking variables on certain 
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Fig. 7—Flow diagram of CAT “A” apparatus for determining catalyst activity 
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Small-Scale Laboratory Testing 
Of Cracking Catalysts 


By G. F. Hornaday and D. B. 
Ardern, Houdry Process Corp., 
Marcus Hook, Penna. 


J ase sngpanat enrages fixed-bed cata- 
lytic cracking unit, with a cata- 
lyst capacity of 600 ml., was designed 
to give yield and quality data applica- 
ble to commercial installations. (This 
test unit is not to be confused with 
the so-called standard CAT “A” test 
method developed by Houdry which 
takes 200 ml. batches of catalyst). 

The small-scale pilot plant consists 
of the oil, steam, and air preheater; 
catalyst case; charging pumps; con- 
densers, receivers; and the necessary 
auxiliary equipment, such as tempera- 
ture and pressure recorders, regulat- 
ing valves, etc. 

A sketch of the cracking case de- 
veloped for this test is shown in Fig. 
8 and the test apparatus is described. 
Principal steps in the operating cycle 
occur in the following order: 1—evac- 
uation; 2—on stream; 3—pressure re- 
lease; 4—oil purge; 5—regeneration. 

Yield data from a cracking opera- 
tion are first summarized in a mate- 
rial balance on a “condensed’”’ basis, 
i.e., as produced from the unit. The 
condensed weight balance may be 
made over a single cycle or based on 
average data over a number of con- 
secutive cycles. Equations are given 
for weight-balance calculations. 

The catalyst deposit, in per cent by 
weight of charge stocks, is calculated 
from the results of the Orsat analy- 
ses on the regeneration fumes. The 
per cent by weight of wet gas is deter- 
mined from the meter measurement, 
and the specific gravity is referred to 
air. Liquid condensates recovered in 
the hot and cold condensers and the 
vacuum trap are composited, and this 
condensed synthetic crude is weighed 
to complete the balance. 

Liquid recovery, in per cent by vol- 
ume of charge stock, is calculated 
from an API gravity measurement of 
the synthetic crude. The liquid prod- 
uct is analyzed for gasoline content 


by a “micro-still’ distillation, which 
is essentially the same as for the CAT 
“A” test. In addition to the ‘con- 
densed” material-balance-yield data, 
full “stabilized” yields are frequently 
obtained. For these data, complete 
light products yields through the C, 
or C, range are determined by ob- 
taining mass-spectrometer analyses on 
samples of the wet gas and by Pod- 
bielniak distillations and analyses of 
cuts on samples of the liquid product. 

As an example of a type of opera- 
tion with the 600 ml. test unit, its use 
is described to define the aging charac- 
teristics of a sulfur stock on clay cata- 
lyst. A total of 90 cycles in the case 
produced contact of catalyst and oil 
equivalent to that expected in 18 days’ 
operation with a TCC plant circulat- 
ing 100 tons of catalyst per hour and 
having a total catalyst capacity of 480 
tons. 

This test unit is also used to ex- 
plore the effect of certain variables in 
the cracking reaction from the stand- 
point of either the charging stock or 
the catalyst to be employed, since it 
can be operated over a much wider 
range of cracking variables than can 
be obtained in commercial units, while 
requiring only small amounts of 
charge stock and catalyst for the 
study. 


Pilot-Plant Evaluation of 
Fluid Cracking Catalysts 


By H. W. Grote and C. R. Olsen, 
Universal Oil Products Co., Chi- 
cago, Iil. 


ARIOUS methods for routine 

testing of fluid cracking cata- 
lysts are in use in the UOP research 
and development laboratories. These 
tests are used to evaluate fresh cata- 
lyst as well as samples which have 
seen service in pilot-plant or com- 
mercial operations. 

In addition to a wide range of 
laboratory tests, pilot-plant catalyst 
testing is carried on, the paper de- 
scribing the pilot-plant testing as 
follows: 

“At the present time, however, we 
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Fig. 8—Sketch of cracking case for 
Houdry small-scale pilot plant for test- 
ing cracking catalysts 


feel that pilot-plant evaluation on a 
3- to 4-bbl.-per-aay scale is usually 
desirable on all catalysts that appear 
promising by the available laboratory 
test procedures. For pilot-plant eval- 
uation work, we use units such as 
that shown diagrammatically in Fig. 
9, the UOP fluid catalytic cracking 
pilot plant which has been described 
in some detail in past publications. 


“These units can be operated at 
process and regeneration conditions 
which leave few uncertainties in 
comparing pilot and commercial 
scales of operation. In addition, spe- 
cification gaseous and liquid product 
streams are produced which improve 
the reliability of product-distribution 
data. 

“Catalyst evaluation tests in such 
equipment are run on a standard 
charging stock, and the program 
usually consists of a series of three 
or four once-through tests covering 
a wide conversion range plus a simi- 
lar series of two or three recycle 
tests. In general, all these tests are 
made at constant reactor tempera- 
tures, and with the catalyst-to-oil 
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Fig. $9—Flow diagram of UOP fluid catalytic cracking pilot plant 
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ratio being varied to maintain essen- 
tially a constant regenerator tem- 
perature. Reliability of such test re- 
sults is satisfactory, with product re- 
coveries averaging above 98.5% by 
weight of the feed stocks.” 

The paper presents product inspec- 
tion data from pilot-plant operations 
which are not obtainable from stand- 
ard laboratory evaluation tests. The 
standard single-cycle tests can be 
readily modified to determine gas 
compositions, it is pointed out, but 
these would be at very low conver- 
sions and, hence, of different com- 
position than would be obtained in 
high conversion operations. Quanti- 
ties of liquid products from labora- 
tory tests also are not usually ade- 
quate for determination of gasoline 
and product gas-oil properties. 

Data are presented pertaining to 
pilot-plant and commercial opera- 
tions on the same charging stock 
while producing motor fuel. The cata- 
lyst and feed stock used in both 
scales of operation were the same. 
“The yield and product-quality data 
compared indicate satisfactory agree- 
ment between the two scales of op- 
eration”, the paper states. 

“The only appreciable difference 
in product distribution is in the cata- 
lyst-deposit yield, where the pilot 
plant shows a lower coke production 
—which is perhaps due to somewhat 
better stripping in the pilot-plant 
equipment. The commercial gasoline 


shows slightly lower octane ratings: 


than does the corresponding pilot- 
plant product. These octane differ- 
ences are probably due to difference 
in fractionation between the two 
scales of operation, as well as to the 
fact that, in the commercial opera- 
tion, some slurry oil was returned to 
the reactor from the base of the frac- 
tionator. This resulted in a partial 
recycle operation and thus, an ac- 
companying reduction in octane num- 
ber.” 











Reprints of Catalyst Articles 
Available 


In the past year PETRO- 
LEUM PROCESSING has pub- 
lished three special articles on 
catalyst properties, reporting 
some of the work done in the 
Riverside Laboratories of Uni- 
versal Oil Products Co. 


Copies of these reprints were 
distributed at the recent API 
meeting, and a few are still 
available for readers who were 
unable to get to the Chicago 


convention. Send your request 
to: 
Reader’s Service Department 


PETROLEUM PROCESSING 
1213 West Third St. 
Cleveland 13, Ohio 











Bibliography on Cracking Catalyst Testing 


The combined literature references 
in the individual papers presented at 
the Symposium on Evaluation and 
Testing of Cracking Catalysts, of the 
API Refining Division, Nov. 10, at 
the annual API meeting in Chicago, 
make a useful bibliography on this 
relatively new research topic. The 
listing for all papers including litera- 
ture references is given below for the 
convenience of readers: 


“Plant Control Tests for Particle- 
Size Distribution of Fluid Cracking 
Catalysts,” by K. D. Ashley and W. 
B. Innes, American Cyanamid Co. 


(1) S. W. Martin, Am. Soc. Testing Mate- 
rials, Symposium on Particle-Size Deter- 
minations in the Subsieve Range, Mar. 
(1941). 

(2) J. M. Burgers, Acad. Sci. Amsterdam 2nd 
Report on Viscosity and Plasticity (1938). 

(3) G. M. Webb, Petroleum Processing, 2 (7) 

497 (1947). 

A. H. M. Andreasen, Kolloid-Beihefte, 27, 

349 (1928). 

(5) F. M. Lea and R. W. Nurse, J. Soc. 
Chem. Ind., 58, 277 (1939). 

(6) H. E. Schweyer, Ind. Eng. Chem. Anal. 
Ed., 14, 622 (1942). 

(7) G. J. Bouyoucos, Soil Sci., 23, 343 (1937). 

(8) A. Klein and H. E. Schweyer, Am. Soc. 
Testing Materials, Symposium on Par- 
ticle-Size Determinations in the Subsieve 
Range, Mar. (1941). 

(9) H. A. Reimers, Bull. Amer. Ceramic Soc., 
18, 195 (1939). 

(10) J. R. Gran, Pit and Quarry, 69 (1938). 

(11) S. Oden (Alexander, editor) Colloid Chem- 
istry, 1, 61, Chemical Catalog Co., New 
York (1926). 

(12) W. J. Kelly, Ind. Eng. Chem., 18, 928 
(1924). 

(13) E. I. Schobert, II, Rev. Sci. Instruments, 
10, 169 (1939). 

(14) P. S. Roller, Trans. Am. Soc. Testing Ma- 
terials, 32, 507 (1932). 

(15) H. E. T. Haultain, Trans. Canadian Inst. 
Mining Met., 40, 229 (1937). 

(16) C. M. Chamot and C. W. Mason, Chem- 
ical Microscopy, Vol. I, 2nd edn., John 
Wiley and Sons, New York (1938). 


“Modification in the Roller Analy- 
sis for the Determination of Particle- 
Size Distribution,” by George L. 
Matheson, Standard Oil Development 
Co. 


(1) P. S. Roller, U. 8. Bur. Mines Tech. Pa- 
per No. 490, 46 (1931). 

(2) P. S. Roller, Trans. Am. Soc. Testing Ma- 
terials, 32, 607 (1932). 

(3) P. S. Roller, J. Am. Ceram. Soc., 20, 167 
(1937). 


“Accurate Particle-Size Determina- 
tion of Fluid Catalyst by Coordina- 
tion of Roller Analysis and Micro- 
scopic Examination,” by John T. 
Wiley, Joe E. Deloney, and S. Walter 
Denton, The Texas Co. 


(1) Paul S. Roller, ‘‘Separation and Size Dis- 
tribution of Microscopic Particles—An Air 
Analyzer for Fine Powders,’’ U. S. Bur. 
Mines Tech. Paper, 490 (1931). 

Herbert E. Schweyer and Lincoln T. Work, 
‘“‘Methods for Determining Particle-Size 
Distribution,’’ Symposium on New Meth- 
ods for Particle-Size Distribution in the 
Sub-sieve Range, Amer. Soc. for Testing 
Materials (1941). 


“Prediction of the Activity of 
Cracking Catalysts from Heat of 
Wetting,” by Ivor W. Mills, Sun Oil 
Co. 


(1) J. Alexander and H. G. Shimp, ‘‘Labora- 
tory Method for Determining the Activity 
of Cracking Catalysts—Standard Test De- 
vised for Arriving at Yield of Motor Gaso- 
line under Conditions Simulating Commer- 
cial Operation,’’ Natl. Petroleum News, 36 
(31) R-537 (1944). 
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“The Aromatic Adsorption Index 
as a Rapid Method for Approximat- 
ing Catalyst Activity,” by W. W. 
Scheumann and A. R. Rescorla, Cities 
Service Refining Corp. 


(1) ‘‘Activity Test for Fluid Cracking Cata- 
lyst,’"”’ UOP Method M-251-441, Universal 
Oil Products Co. 

(2) J. Alexander and H. G. Shimp, ‘‘Labora- 
tory Method for Evaluating Activity of 
Cracking Catalyst,’’ Natl. Petroleum News, 
36 (31), R-537 (1944). 

(3) M. E. Conn and G. C. Connolly. ‘‘Testing 

of Cracking Catalyst,’’ papers presented 

before Division of Chemistry, Am. Chem. 

Soc., Sept. (1946). 

‘“‘Physical, Chemical, and Catalytic Test- 

ing of Diakel Powdered Cracking Cata- 

lyst,’’ M. W. Kellogg Co., Petroleum Re- 

search Division, June 7 (1943). 

‘*Potassium-Hydroxide Method for Estima- 

tion of Catalyst Activity,’’ M. W. Kellogg 

Co., Petroleum Research Division, Dec. 30 

(1944). 

(6) ‘‘Aromatic Adsorption Method for Estima- 
tion of Catalyst Activity,’’ M. W. Kellogg 
Co., Petroleum Research Division, Dec. 30 
(1944). 

(7) ‘‘Description of Surface-Area Apparatus,’’ 
Shell Development Co., Report S-8593, Oct. 
22 (1943). 


‘Determination of Activity and 
Selectivity of Cracking Catalysts,” 
by Rodney V. Shankland and George 
E. Schmitkons, Standard Oil Co. (In- 
diana). 


(1) J. Alexander and H. G. Shimp, ‘‘Labora- 
tory Method for Determining the Activity 
of Cracking Catalysts,’’ Natl. Petroleum 
News, 36 (31), R-537-8 (1944). 

(2) M. E. Conn and G. C. Connolly, ‘‘Testing 
of Cracking Catalysts,’’ Ind. Eng. Chem., 
39, 1138-43 (1947). 

(3) K. N. Anderson and M. J. Sterba, ‘‘Sim- 
plified Catalytic Cracking Unit Meets Re- 
quirements of Small Refiner,’’ Oil Gas J., 
44 (33) 77 (1945). 

(4) C. W. Siller, ‘‘Zinc-oxide Pigments—The 
Surface Area and Catalytic Activity,’’ J. 
Am. Chem. Soc., 65, 434 (1943). 

(5) R. C. Hansford, ‘‘A Mechanism of Cata- 
lytic Cracking,’’ Ind. Eng. Chem., 39, 849- 
52 (1947). 

(6) R. C. Davidson, ‘‘Cracking Sulfur Stocks 
with Natural Catalyst,’ Petroleum Refin- 
er, 26, 663-72 (1947). 

(7) E. W. Thiele, ‘‘Relation between Catalytic 

Activity and Size of Particle,’’ Ind. Eng. 

Chem., 31, 916-20 (1939). 

Alexis Voorhies, Jr., ‘‘Carbon Formation 

in Catalytic Cracking,’’ Ind. Eng. Chem., 

37, 318-22 (1945). 

(9) G. M. Mood, H. H. Voge, and B. S. 
Greensfelder, ‘‘Catalytic Cracking of Pure 
Hydrocarbons,’’ Ind. Eng. Chem., 39, 
1032-6 (1947) (and earlier papers). 


“Bench-Scale Method for Determin- 
ing Activity of Cracking Catalysts in 
Powdered Form,” by Hubert Mc- 
Reynolds, 'The Texas Co. 


(1) ASTM Manual on Presentation of Data, 
3rd Printing, American Society for Testing 
Materials, Aug. (1940). 

(2) M. E. Conn and G. C. Connolly, Ind. Eng. 
Chem., 39, 1138-43 (1947). 
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“Design and Operation of a Bench- 
Scale Automatic Catalyst - Aging 
Unit,” by T. Rice and F. E. Ivey, Jr., 
Gulf Research and Development Co. 
(1) J. Alexander and H. G. Shimp, ‘‘Labora- 

tory Method of Determining the Activity of 
Cracking Catalysts,’’ Natl. Petroleum 
News, 36 (31) R-537 (1944). 

“Pilot-Plant Evaluation of Fluid 
Cracking Catalysts,” by H. W. Grote 
and C. R. Olsen, Universal Oil Prod- 
ucts Co. 

(1) P. H. Emmett and T. DeWitt, Ind. Eng. 
Chem. Anal. Ed., 13, 28-33 (1941). 


(2) G. M. Webb, Petroleum Processing, 2 (7) 
497-502 (1947). 


(3) Anon., Oil Gas J., 45 (43) 82-3 (1947). 
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Patent Trends in Petroleum Refining 


By PETER J. GAYLOR 


Patent Attorney and Editor “The Technical Survey” 








Developments disclosed in the patents reviewed below include: 


Method for refining lubricating oils with sludging reagents and their 


separation 


New spray type emulsifying agent for cleaning metals before coating 


Separating Reagent Sludges 


HEN oils, particularly those in 

the lubricating range, are refined 
with sludge-forming reagents (such 
as sulfuric acid) at elevated tem- 
peratures, the sludge produced usual- 
ly does not settle readily and is dif- 
ficult to remove from the treated 
oil. 


Atlantic Refining Co. has been is- 
sued U. S. Patent 2,127,589 covering 
a rather novel and useful method for 
accomplishing the separation. As 
shown in Fig. 1, the reagent and oil 
are first intimately mixed in agitator 
1 and the mixture thus formed is 
allowed to fall in the form of a film 
over a heated drum 7. 


This drum is heated to a tempera- 
ture sufficient to coke or carbonize 
the sludge resulting from the reac- 
tion of the treating reagent with the 
oil, but insufficient to deleteriously 
affect the oil. The rate of supply of 
the mixture as well as the rate of 
rotation of the cylindrical surface is 
so controlled as to effect deposition 
of the coked sludge on the drum 
surface, while the treated oil 13 rolls 
off the drum in a direction opposite 





Reagent Out 


a 
=, 


Heated Drum 


Scraper 


Coked 
Studge 


-8{&{ © 
A~* 


Treated Oit 


Fig. 1—Atlantic Refining Co.’s method 
for sludge removal from lubricating 
oils. U. S. 2,127,589 
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to that of rotation of the drum. The 
coke sludge adhering to the drum 
surface is continuously or periodical- 
ly scraped off by scraper 11. 


Usually, a drum temperature of 
about 400° F. to 600° F. is required 
when 66° Be’ sulfuric acid is used for 
treating, although temperatures as 
low as 250° F. may be employed if 
the coking time is extended. With 
a reduced crude of 160 S.S.U. at 210° 
F. viscosity, and mixing in of 1% by 
volume of 66° Be’ sulfuric acid, a 
yield of 88% decolorized, sludge-free 


_oil may be obtained with an iron 


plate temperature of about 500° F. 


Cleaning Metals for Coating 


i HAS been found, according to 
the American Chemical Paint Co., 
that cleaning compositions for pre- 
paring surfaces of iron, steel and 
aluminum for reception of paint, are 
not generally capable of removing 
completely greasy or oily matter. 
Such is the case, even if wetting 
agents are employed. Very often, 
the wetting agents cause the clean- 
ing solution to spread over the top of 
the greasy surface so that even 
strong mechanical action is not able 
to make the solution penetrate the 
grease. 


In U. S. Patent 2,396,776, a com- 
position is described having a high 
oil and dirt removing efficiency. It 
may be applied by means of a spray 
without the troublesome foaming 
which is usually associated with 
emulsifying agents under such con- 
ditions. 

The remarkable cleaning action is 
obtained by employing aqueous phos- 
phoric acid solution which includes 
small quantities of water soluble, 
non-ionic emulsifying agents such as 
tertiary alkylarylpolyglycols. 

An example of a _ concentrated 
cleaning composition to be diluted 
with water is as follows: 

75% phosphoric acid ...... 0.95 gal. 
Emulsifying agent ........ 
Water, to make .......... 10 gall. 
The amount of water used in dilut- 


ing this formula depends on the 
amount of rust or oxide to be re- 
moved from the surface, as well as 
on the kind and amount of grease 
present. 

For exceptionally greasy work, or 
when the cleaning solution is to be 
applied to the work by forceful 
spraying in a recirculating system, it 
is preferred to use a material in 
which is emulsified a water immis- 
cible solvent such as petroleum naph- 
tha, such as the composition given 
below: 


Phosphoric acid (75%) .. 0.100 gal. 
Emulsifying agent ...... 0.12 lb. 
Stoddart solvent ........ 0.625 gal. 
Water, to make ......... 1.00 gal. 


This concentrate is violently stirred 
and passed through a homogenizer, 
or otherwise emulsified. With cir- 
culating sprays, it is diluted with 3-19 
volumes of water. 


Selected Patents of the Month 


U.S. 2,422,670 & 4-5 (Universal Oil Products) 
—Selective demethylation of paraffinic hy- 
drocarbons. 

U.S. 2,422,671 (Universal Oil Products)—Low- 
ering mol. wt. of non-aromatic hydrocar- 
bons. 

U.S. 2,422,672 (Universal Oil Products)—Trip- 
tane by selective demethylation. 

U.S. 2,422,673 (Universal Oil Products)—Low- 
ering mol. wt. of alkyl aromatics. 

U.S. 2,422,692 (Universal Oil Products)—Con- 
version of normally gaseous olefin other than 
ethylene, to isobutane. 

U.S. 2,422,769 (Monsanto)—E.p. lubricant... 

U.S. 2,422,802 (Shell Dev.) — Dehydration of 
diacetone glycol to form a methyl penta- 
diene. 

U.S. 2,422,859 (Phillips Petr.)—Nitriles of un- 
saturated acids. 

U.S. 2,422,881 (Petrolite Corp.)—Compounded 
lubricating oil. 

U.S. 2,422,884 (Shell Dev.)—Isomerizing ole- 
fins with boric oxide on alumina catalyst. 
U.S. 2,422,991 (Anglo Iranian)—Isohydropoly- 

mers from olefins. 

U.S. 2,423,013 (Socony)—Contacting gases with 
particle form solid materials. 

U.S. 2,423,029 (Houdry Proc.)—Diolefins. - 

U.S. 2,428,067 (Atlantic Refining) — Ammonia 
and soap for breaking nitrobenzene oil emul- 
sions. 

U.S. 2,428,119 (Texaco Dev.) — Oxygenated 
compounds by treating olefins with sulfuric 
acid. 

U.S. 2,428,123 (Cities Service) — Soda base 


grease. 

U.S. 2,428,235 (Shell Dev.)—Aromatic hydroxy 
ethers. 

U.S. 2,428,417 (Kellogg)—Alkylation 

U.S. 2,428,455 (Phillips Petr.)—Olefin isomeri 
zation. 

U.S. 2,428,506 (Shell Dev.)—Alkylation 

U.S. 2,428,516 (Phillips Petr.) — Isobutylene 
separation. 

U.S. 2,428,590 (Shell Dev.)—Allyl acetate by 
reacting propylene with selenium dioxide dis- 
solved in acetic acid. 

U.S. 2,428,623 (Standard Oil Development)— 
Regenerating spent caustic. 

U.S. 2,428,668 (Standard Oil Development) — 
Sulfuric acid olefin absorption. 

U.S. 2,428,686 (Standard Oil Development)— 
Treating feed stock with aryl sulfonic acid 

U.S. 2,428,692 (Standard Oil Development)— 
Isobutane and isopentane by destructive hy- 
drogenation of oils. 

U.S. 2,428,695 (Pure Oil) — Hydrocarbon ex- 
traction. 
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Three Hooker Chemicals — 





Samples of Caustic Soda, as it comes from the Hooker “S” Cell, 
are checked carefully in the laboratory for strength and purity. 


That Help Make Thousands 


V LIQUID CHLORINE 
VY CAUSTIC SODA 
VY MURIATIC ACID 





Hooker chemicals numbering over a hundred, and thousands of other 
products get their start from Caustic Soda, Liquid Chlorine and 
Muriatic Acid made by Hooker. Your supplies of these basic heavy ' 
chemicals are made possible to a large extent by the Hooker Type “S” 
electrolytic cell, designed and developed by our own engineers. 
Caustic Soda, Liquid Chlorine and Muriatic Acid are produced 
and shipped from our plants at Niagara Falls, New York, and 
Tacoma, Washington. Helpful technical service and prompt shipping 
are corollary to the uniform high quality of these Hooker products. 
Data sheets and other literature describing Hooker Chemicals 
are available upon request. If you don’t have our latest General 


Products List, Bulletin 100, why 





not write today for your copy? 





HOOKER 








| HOOKER 
| eLecTRocnEMicaL | CHEM[ CA LS 
| COMPANY 


4713 Buffalo Ave., Niagara Falls, N. Y. 
New York, N. Y. Wilmington, Calif. Tacoma, Wash. 








\luminum Chloride Paradichlorbenzene M hlorb Sodium Benzoate Sulfur Chlorides Sodium Sulfide Sodium Sulfhydrate 
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EQUIPMENT PATENT REVIEW 





Construction Economies Are Found 
In Improved “Fluid” Cracking Unit 


SEVERAL ECONOMIC features are 
claimed for an improved design for 
a catalytic cracking unit of the fluid 
type recently patented. 

Among them are: 1) reduction in 
overall height by making reactor and 
regenerator concentric chambers, 2) 
internal standpipes, eliminating most 
of the large, costly expansion joints, 
minimizing heat losses, and reducing 
stresses and strains because of the 
usual temperature changes encoun- 
tered in conventional external piping. 

The unit is shown diagrammatical- 
ly in Fig. 1. Flow is indicated by 
the arrows, and is of the concurrent 
type. Hot oil charge enters at 71, 
picking up regenerated catalyst from 
standpipe 21 at valve 26, and passing 
up through the internal reaction zone 
10. Separation is provided by a 


series of cyclones 12, product vapors 
passing on to the recovery system 
through outlet 15. 

Spent catalyst from the conversion 
zone overflows into standpipe 14 and 
passes into regeneration chamber 11 
through valve 16. Regeneration ef- 
fluent gas is separated from the fines 
in cyclones 18 and leaves via line 28. 
The catalyst then completes the cycle 
by passage down standpipe 21. 

Conventional stripping and aerat- 
ing steam, and air lines are indicated 
as is the temperature-controlling 
steam coil in the regeneration zone. 
The efficient use of heat transter 
from the exothermic burning zone to 
the endothermic conversion zone is 
self-evident from the diagram. 

When using powdered catalysts, re- 
actor vapor velocities of 0.4 to 4.0 ft./ 
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Fig. 1—Diagrammatic view of an improved fluid type catalytic cracking unit 
(U. S. 2,428,872) 
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sec. are preferred. Catalyst/oil ratio 
should be about 8 or 10 to 1 when 
cracking reduced crude. Catalyst 
residence time may range from a few 
seconds to an hour or more, and the 
vapor residence time usually about 10 
to 30 seconds. 

U. S. 2,428,872, issued October 14, 
to Robert C. Gunness, assignor to 
Standard Oil Co. (Indiana), Chicago, 
Til. 





Notched Trays Stop Channeling 
In Packed Towers or Reactors 
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Fig. 3—Solid streams of downflowing 

liquid are broken up by passage over 

notched trays 5, 8 and 15 (U. S. 
2,428,922) 


UNDESIRABLE CHANNELING by down 
flowing liquid in packed towers or in 
contact beds in a reaction chamber 
can be eliminated by installing dis- 
tributing trays of proper design at 
intervals throughout the height of 
the vessel. In addition, the distribut- 
ing devices improve the efficiency of 
feed from incoming intermediate 
streams. 


Chief function of the baffles or 
trays as shown in Fig. 3 is to break 
up any solid streams of downcoming 
liquid into tiny streams, allowing, at 
the same time, sufficient cross-sec- 
tional area for flow of upward-mov- 
ing vapors. Designed primarily for 
use in caustic regenerators of units 
for removing mercaptans from gaso- 
line, the device will serve equally well 
for any packed chamber, it is stated. 


Liquid in cylindrical column 1 first 
strikes ring-shaped baffle 5 and flows 
over notched weirs 6, thence to ring- 
shaped tray 15 and again over 
notched weirs 12 to lower bed of 
packing 3. Sidestream enters through 
line 19 and correspondingly is broken 
up by flowing over inverted saucer 8 
with notches 9. 

U. S. 2,428,922, issued October 14, 
to Allen M. Shoresman, assignor to 
Universal Oil Products Co., Chicago 


PETROLEUM PROCESSING, December, 1947 









































EQUIPMENT ... MATERIALS... PROCESSES ... LITERATURE 


1—Pressure Regulator 








Physical principle of the Cartesian 
diver is used in the design of a new 
automatic pressure regulator, the 
Greiner Industrial Cartesian Mano- 
stat Model 5, developed from a glass 
manostat for laboratory use (see 
“What New!’, October, pge. 789, 
Item 12). The instrument uses three 
interchangeable orifices, will main- 
tain constant pressure or vacuum to 
within 0.1%. All metal, @ weighs 
6% lbs., measures 71% in. overall by 
3% in. diameter. Emil Greiner Co. 





2—Thread Compound 


Prevention of freezing and galling 
of metal surfaces at temperatures as 
high as 1800° F. is claimed for the 
new Fel-Pro ‘‘Hi-Temp” Thread Com- 





For More Information 


Use one of the attached 

business reply cards, which 

requires no postage, to re- 
quest additional details or lit- 
erature on any items reviewed 
in “What’s New!” Just circle 
the numbers corresponding to 
the numbers on the _ items 
you’re interested in, fill in the 
bottom of the card, and drop 
it in the mail. 
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pound C-5. The material was de- 
veloped specifically for high pressure 
and temperature applications such as 
furnace tube header studs and plugs, 
according to the manufacturer, where 
it will reduce expensive stud break- 
age. Felt Products Mfg. Co. 





3—Stuffingboxless Pump 





Elimination of leakage with its at- 
tendant fire-hazard and high mainte- 
nance cost is said to be a feature 
of the B&J Stuffingboxless pump, an 
electric motor driven centrifugal 
pump. It is especially applicable to 
installations outdoors and for unat- 
tended automatic operation. (See 
“What’s New!”, November, pge. 877, 
Item 17). Byron-Jackson Co., Pump 
Division. 





4—Recording Titrator 


The new ‘“Precision’”’-Dow Dual Re- 
cordomatic Titrator is said to be the 
first of its type designed for plotting 
automatically titration curves. The 
instrument is recommended for both 
routine control and research work, 
for acidity determinations on petro- 





leum products, mercaptan deter- 
minations, the study of indicators, 
etc. Operator is required only to 
prepare -solutions and load the feed 
unit; while one sample is being ti- 
trated, a second may be prepared. 
A modified Brown Electronik poten- 
tiometer is used to record and con- 
trol analyses. Five meter scale and 


‘ potentiometer circuits give a total 


range of minus 1.5 to plus 1.5 volts, 
and a full pH range of 0 to 14. The 
instrument is line-operated except 
for No. 6 dry cell in the potentio- 
meter circuit. Power consumption 
is 200 watts and the Titrator is suit- 
able for continuous duty. Precision 
Scientific Co. 





5—Nylon Filter Cloth 


Nylon filter cloth is now available, 
and can be had in twill, chain, and 
plain weaves in numerous porosities 
and in widths from 26 to 72 in. It 
can also be supplied in the form of a 
made-up filter element with all sew- 
ing done by Nylon thread. Nylon 
filter cloths are said to have high 
abrasion resistance, and heat resist- 
ance (melting point about 482° F.), 
and are unaffected by micro-organ- 
isms. They have a smooth surface 
which facilitates cake discharge, and 
are inert to many acids, caustics, and 
organic compounds. Filter Media 


Corp. 
More “What's New!” Items, Page 963 
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PRESSURE REGULATING 
VALVE ASSEMBLIES 







ADDITIVE ORUM 


%Proportioneers% Treet-O-Control offers an economical 
and accurate method of applying to petroleum products 
additives such as treating agents, inhibitors, lubricants, dyes, i 
etc. Equipment is available for flow rates from 5 to 5,000 . 
G.P.M. and injections of from .0005 to 15 G.P.M. é 


INERT GAS SUPPLY FOR 
BLANKETING ORUM 
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“%Proportioneers, Lead Blender delivers an accurately 


ith sus proportioned, homogeneous mixture of gasoline and Tetra- 
re ° -— » _s 
cr. onacaairet ethyl Lead with minimum cost and wastage. Mixing of 
a 


fluid and gasoline takes place continuously in the line. No ‘ 
batch blending, with attendant equipment and rehandling . 
expense, is required. 


7o PROPORTIONEERS. INC. % 


WRITE TO %PROPORTIONEERS, INC.%, 48 CODDING ST., PROVIDENCE 1, R. I. 


Technical service representatives in principal cities of the United States, Canada and Mexico. 
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What's New! 





6—Low Temperature Apparatus 





Research work at temperatures 
close to absolute zero is now pos- 
sible with the Collins Helium Cryo- 
stat, which liquefies helium, and can 
maintain any temperature down to 
2° Kelvin, or minus 456° F. Invented 
by Dr. S. C. Collins of Massachusetts 
Institute of Technology, the Cryostat 
has been developed into a design 
which can be operated by laboratory 
technicians without attention by sci- 
entific personnel. . Complete unit 
weighs about 2800 lbs. and occupies 
less than 50 sq. ft. of floor space. 
Helium is the only refrigerant used. 
The first Cryostat went into use 
early in 1947. An oil company is 
among the three users of the seven 
units now in operation. Arthur D. 
Little, Inc. 





7—Flammable Gas Indicator 


The Vapotester Model 6 is a new 
two-range instrument which will de- 
tect gases in their toxic range in ad- 
dition to indicating the lower explo- 
sive limit of combustible concentra- 
tions of flammable gases or vapors. 
Operating principle of the Vapotester 
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is the use of a Wheatstone bridge 
circuit to compare differences in re- 
sistance of two filaments, one com- 
pletely sealed within a chamber, the 
second housed in an open chamber 
through which the gas to be analyzed 
is passed. The two ranges are pro- 
vided by a three-position switch. One 
position is for the combustible range, 
one is for checking the voltage, and 
the third to increase the sensitivity 
of the first scale ten times. Davis 
Emergency Equipment Co. 





8—Truck Loader 





The Day hydraulic tail gate loader 
for trucks is furnished in a complete 
package and is said to take only a 


few minutes to install. The hydrau- 
lic pump is driven from the truck’s 
standard power take-off and is con- 
trolled by a convenient lever, or the 
pump can be operated by hand. The 
combination tail gate-lift platform 
operates over the full distance from 
ground to truck floor level, handling 
loads up to 1200 lbs., and remaining 
level at all points in its travel arc. 
Unit fits most 1% ton trucks. The 
Day Co. 





9—Potentiometer 


Accuracy and sensitivity are as- 
sured in a new series of temperature- 
calibrated portable potentiometers, 
with four models offering improved 
sensitivity in the low temperature 
ranges, according to the manufac- 
turer. Instrument includes special 
structural features which maintain 
the thermocouple reference-junction 
and the automatic reference-junction 
compensator at substantially equal 
temperatures, irrespective of changes 
in the ambient temperature. Units 
are well suited for use in petroleum 
and chemical processing where small 
temperature differentials are of in- 
terest. A total of 10 standard mod- 





els are available covering a wide 
temperature range, for use with cop- 
per-constantan, iron-constantan, or 
chromel-alumel thermocouples. Spec- 
cial ranges can be supplied; calibra- 
tion may be had in either Centigrade 
or Fahrenheit scales. Rubicon Co. 





10—Vinyl-lined Pipe 


Developed for handling strong 
chemicals is a new plastic-lined pipe 
using Vinyl resins. Pipe is lined by 
first extruding the plastic in the form 
of a tube with a wall-thickness of 
0.050 to 0.060 in. Tube is then placed 
inside steel pipe and bonded to it. 
Amercoat Division of American Pipe 
& Construction Co. 





11—Expansion Joint 


Particularly suited for catalyst 
lines because it has no sharp crevices 
in which catalyst can lodge, the 
Zallea Universal Expansion Joint is 
said to have applications in reactor 
risers and standpipes, regenerator 
standpipes, and stripper and flue gas 
lines. It consists of two corrugated 
elements linked by a section of pipe. 
The elements can be either of non- 
equalizing type for pressures up to 
30 psi., or self-equalizing for higher 
pressures. Zallea Bros. & Johnson. 
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Full of useful information- 


PRINCIPLES OF 
REACTOR DESIGN 


By Dr. K. M. Watson § Associates 
University of Wisconsin 


Containing the complete series of 
articles which appeared exclusively 
in PETROLEUM PROCESSING, 
this booklet is a report of the 
results of a government-sponsored 
research program to secure data 
that could be used in engineering 
plants for the manufacture of new 
petroleum-derived chemicals—aro- 
matics for aviation gasoline, 
toluene, butane-butene for syn- 
thetic rubber, and others. 


The basic principles for the de- 
sign, engineering and operation of 
reactor equipment for some of the 
new refining processes are dis- 
cussed ... Here is a brief outline 
of the series: 


Pyrolytic Dealkylation & Concen- 
tration of Aromatics 


Describes cracking of xylene, 
toluene and an aromatic hydro- 
formed naphtha at atmospheric 
pressure in the presence of steam .. . 
Discusses development of kinetic 
analysis and demonstrates integ- 
ration and application of basic rate 
equations for complex systems. 


Pyrolysis of Propane 
An analysis of the literature on 
pyrolysis of propane and its prod- 
ucts, giving rate equations for ten 
reactions which contribute in de- 
termining rate and product distri- 
bution. 


Dehydrogenation of Normal Butane 
Describes and demonstrates opera- 
bility of a small pilot plant that 
was designed and built for the 
engineering analysis of catalytic 
processes. 


Toluene from Benzene plus Xylenes 
Explains a laboratory-scale investi- 
gation made of the production of 
toluene by methyl-group transfer 
and disproportionation in an equi- 
molal mixture of benzene and 
xylenes over a silica-alumina crack. 
ing catalyst. 


40 pages—well illustrated—durably 
bound . . . Price $1.00 each. (Ohio 


‘purchasers please add 3% sales tax.) 


Order from: 


PETROLEUM 


PROCESSING 
1213 W. 3rd Street Cleveland 13, Ohio 
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What's New! 





12—Gearless Pump 











A double-impeller design is said to 
be the feature of a new line of small 
“ECO” gearless pumps adapted to 
handling acids, solvents, oils, and the 
like. The double-impeller provides a 
strong, smooth flow against pressure, 
according to the manufacturer. Pump 
bodies- are available in stainless steel, 


monel, or bronze. Pump sizes are 4° 


and \% in., capacities from one to 12 
gpm. Pumps can be run and will de- 
liver at speeds from 200 to 3500 rpm., 
and can be used against pressures up 
to 50 psi. Eco Engineering Co. 





Trade Literature 


13—pH Recorder 
Bailey pH Recorder, Bulletin No. 


‘234, gives operating and design de- 


scription of the new Bailey pH Re- 
corder. Bailey Meter Co. 


14—Arc-Welding 


Arc Welding is being Handicapped, 
a reprint of an article in the Scientific 
American by James F. Lincoln, pre- 
senting the arguments for and against 
the use of arc-welding vs. riveting 
methods for joints. Lincoln Electric 
Co. 


15—Flow Measurement 


Flowrator, Catalog Section 10-D, 
explains operating principle of Flow- 
rator instruments for liquid and gas 
flow measurement and control. Ilus- 
trations of typical applications. 
Fischer & Porter Co. 


16—High Vacuum 


High Vacuum Apparatus, Bulletin 
10, a 48-page catalog including engi- 
neering data helpful in the design 
of high vacuum systems, covering 
such topics as pumping speed, con- 
nections, merit factor, gages and 
traps. Central Scientific Co. 


17—Pneumatic Transmitter 


Model 42 Pneumatic Transmitter, 
Advance Bulletin No. 409, provides a 
description of the new transmitter 
in both eccentric and _ concentric 
types. The Foxboro Co. 


18—Clad Steels 


A Visit to Lukens, a 28-page book- 
let telling in pictures and words an 
interesting story of how stainless 
steel and various other alloys are 
made into clad steels, and including 
the manufacture of unusual shapes 
from heavy plate by flame-cutting 
and welding processes. Lukens Steel 
Co. 


19——Knock Testing 


Publications No. 15-46 and 15-47 
describe the operation and specifica- 
tions of Knockometers for automo- 
tive and aviation fuel testing on 
single cylinder laboratory engines, 
Covering Model K-1 (aviation) and 
K-3 (automotive). Sperry Gyroscope 
Co., Inc. 


20—Demineralized Water 


Filt-R-Stil Demineralizers, 28 pages 
of descriptive data on equipment de- 
signed to produce demineralized 
water, a low-cost chemical equivalent 
of distilled water. Units covered range 
in capacity from 8 to 1000 gpm. 
American Cyanamid Co. 


21—Manhole Covers 


Catalog 11 is a 20-page booklet 
covering forged boiler and tank ac- 
cessories, manhole covers and yokes, 
handhole covers and yokes, welding 
street ells and water column ells, 
including information about curving 
handhole covers. Steel Improvement 
& Forge. Co. 


22—Gas Separator 


Campbell Screenless Mist-D-Fier, 
a four-page bulletin explaining the 
principle of operation of an improved 
gas separator which will remove 
crude oil from natural gas entering 
an absorption plant, or oil mist and 
water from gas leaving the plant, 
as examples of a number of uses 
listed. J. A. Campbell Co. 





For Your Convenience 


Business reply cards are in- 
cluded in this issue of PETRO- 
LEUM PROCESSING to assist you 
in obvaining more information 
on any items’ reviewed in 
“What’s New!” You'll find 
them facing page 961. Just cir- 
cle the numbers corresponding 
to the numbers you’re inter- 
ested in, fill in the bottom of 
the card, and drop it in the 
mail. No postage required. 
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SWEETENING GASOLINE 





HE Tannin Solutizer unit recent- 

lv placed in operation at Cities 
Service Oil Co.’s Ponca City, Okla. 
refinery has two unique points to dis- 
tinguish it from units installed else- 
where. The problem of removing the 
heavier disulfides from the treating 
solution has been conquered (this 
plant is one of the first to treat a 
relatively heavy gasoline fraction), 
and it represents the first use in a 
refinery of graphite air diffusers in 
the regeneration step. 


The ‘“Solutizer” process has been 
described in the literature by La- 
Croix(1,2) and others, including the 
addition of tannin as an additional 
promoter.(3) Briefly, the process calls 
for the use of a strong caustic solu- 
tion containing isobutyric acid (as 
sodium or potassium isobutyrate) as 
a promoter to increase solubility of 
mercaptans. Tannin also is included 
as an organic oxidation promoter for 
the regeneration phase of the contin- 
uous process to convert soluble mer- 
captans to insoluble disulfides. 


Feed for the new unit consists of 
1200 b/d of a light pressure gasoline 
(thermally cracked) with an initial 
boiling point of 100° F. and an end- 
point of 300° F. Mercaptan sulfur 
content ranges from 0.0162 to 
0.0216%. The plant’s thermal gaso- 
line is split three ways, the C, cut 
being caustic washed for hydrogen 
sulfide removal, and the 300-400° F. 
cut being Doctor-treated, since its rel- 
atively small mercaptan content is of 


New Solutizer Unit Has Unique Features 
For Disulfide Removal and Regeneration 


too high a molecular weight for sat- 
isfactory removal by the Solutizer 
method. 


Solutizer Treating 


“Solutizer”’ feed enters the system 
at atmospheric temperature follow- 
ing a light wash with caustic to re- 
move hydrogen sulfide not included 
in the C, cut previously mentioned, 
to avoid weakening the Solutizer so- 
lution. The extractor is arranged to 
counterflow raw gasoline and treat- 
ing solution in intimate contact, fol- 
lowed by a coalescer section at the 
top where treated gasoline is broken 
out for settling and storage. Gaso- 
line leaving the settler contains 
about 0.0030% mercaptan sulfur. 


The system contains 170 bbls. of 
“Solutizer” solution. Each barrel 
represents 84.3 lbs. of lye, 92.6 lbs. 
of isobutyric acid and 0.25 wt./% of 
solution as tannic acid. The result- 
ing solution is 6 Normal as caustic, 
3 N. as sodium isobutyrate. 


A simplified flowsheet of the proc- 
ess is shown in Fig. 1. Fat Solutizer 
solution emerges from the bottom of 
the extractor and enters the regen- 
erator at 125-130° F. after picking 
up heat by exchange with steam. 
This column is not packed and the 
solution blown with plant air for re- 
generation. Regenerated solution is 
bottoms and the spent air and some 
disulfides vent to a stack after pass- 
ing a mist extractor (side-to-side baf- 
fles). 
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Fig. 1—Simplified flowsheet for Tannin Solutizer sweetening unit at Ponca City 
refinery of Cities Service Oil Co. 
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Fig. 2—Section of regenerator tower 
just above air diffusers, showing di- 
mensions and arrangement 


The regenerator is low carbon steel 
throughout, no monel or other alluy 
equipment being required. This is 
made possible through the use of the 
organic oxidizing agent tannin, thus 
permitting regeneration at 120-150° 
F. temperatures instead of the cus- 
tomary 200° F. and higher. The sul- 
fur compounds present are not cor- 
rosive to steel at this low tempera- 
ture. 


The use of porous graphite to dif- 
fuse regeneration air marks a “first- 
time” application for the oil indus- 
try, it is believed, although it has 
been used in sewage disposal plants 
for several years. Temperatures are 
below that at which oxidation of car- 
bon occurs and the tube is inert to 
caustic or sulfur attack. The highly 
porous tubes produce much smaller 
air bubbles with proportionately 
greater opportunity for intimate con- 
tact than possible with previous dif- 
fusion nozzles. A sectional view of 
the regenerator appears as Fig. 2, 
showing dimensions and arrange- 
ments of the diffusers. Plant air at 
about 8 to 12 psi is used, with flow 
rate of 14-15 cu. ft. per minute. 


Sulfur Oil Removal 


After the unit was installed and 
sheake-down operation started, it was 
quickly noted that, due to the heavy 
mercaptans present, disulfides were 
not settling out of the regenerated 
“Solutizer” solution. Consequently, 
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JERGUSON VALVES, 
And Flat Glass Gages 


ERGUSON No. 64 Gage Valves will 

do the kind of efficient job you 
want with flat glass gages. 

Distinctive valve design makes it 
possible to remove the gage without 
removing the valves or draining the 
liquid from the vessel. This means 
minimum maintenance time and cost. 


Jerguson No. 64 Valves have safety 
shut-off, stainless steel renewable seats 
and trim. Recommended for pressures 
up to 3200 pounds. 
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New Solutizer Unit 





ostensibly treated gasoline actually 
was emerging with a considerable di- 
sulfide content and reduced lead sus- 
ceptibility. The reason was the rel- 
atively high specific gravity of the 
disulfides and, while they could be 
removed by diluting the solution with 
water — “springing” — a considerable 
cost-factor is involved in reconcen- 
trating the solution, for which the 
plant is not equipped.- 


Several expedients were tried. 
Washing the regenerated solution 
with a small quantity of fresh heavy 
naphtha (250° F. IBP. and 350 end- 
point) removed this material satis- 
factorily. At first a drum was used, 
containing 6 bbls. of naphtha through 
which the spent solution was forced. 
A new batch of naphtha was required 
every 24 hours. 


This batch washer has since been 
replaced with a Duriron mixer to 
handle the two streams. This welil- 
mixed stream then is charged con- 
tinuously to a 3 ft. by 7 ft. drum 
filled with steel wool, which promotes 
separation of the two fluids. The 
wash naphtha is taken overhead 
while the now truly lean -solution 
ends in a combination settling and 
surge tank for return to process. 


The wash naphtha from the drum 
is charged directly to the thermal rc- 
forming unit. At first it was feared 
that increased corrosion would be evi- 
dent in the reformer, as well as an 
increased sulfur content in the re- 
formed gasoline. To date no corro- 
sion has been noted and apparently 





View of compact Solutizer unit. Ves- 
sels visible, left to right, are raw gaso- 
line surge tank, wash naphtha surge 
tank, regenerator and extractor. Small 
vessel immediately in front of extractor 
is the disulfide wash drum: Solutizer 


storage is hidden by the columns. 

Large vertical vessel in rear and two 

horizontal vessels in foreground are 
parts of other nearby units 
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Another view of the Solutizer unit, 
showing simple control panel, extractor 
and regenerator 


the disulfides are completely convert- 
ed to hydrogen sulfide, as there has 
been no noticeable increase in mer- 
captan content of reformer gasoline 
to date. 


Low-Cost Treating Saves Lead 


A worthwhile saving in tetraethyl 
lead requirements in these days of 
short supplies has: been effected by 
Solutizer treating at Ponca City. For 
every gallon of Solutized gasoline 
0.46 ce less lead are required to bring 
the octane rating to 74 (ASTM Motor 
method) than was the case with Doc- 
tor treating. In practice the saving 
is greater since treating is carried 
out in a closed system, whereby most 
of the vapor losses formerly experi- 
enced in batch agitators are elim- 


inated. Calculations indicate this 
saves at least 0.5% of gasoline 
throughput. 


Solutizer operating costs at Ponca 
City have been slightly higher than 
for the Doctor treating formerly 
used. Part of this is from generaily 
higher labor and materials cost, and 
the more expensive initial treating 
chemical charge. These greater costs 
are amply justified by tetraethyl lead 
savings and reduction in product loss 
during treating, according to com- 
p2ny engineers. 
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Sour Crudes—Equipment Protection * 


By E. Q. CAMP 


Humble Oil and Refining Co., Baytown, Texas 


AN 





PAPER 


This paper presents a discussion of some of the major corrosion problems experienced in re- 
fining sour crudes. The corrosion that occurs in the storage, transportation, and distillation of sour 


crudes and sour distillates is predominantly low-temperature corrosion (below about 500° F.). 
The life of tanks in sour-crude service is increased by gunite coatings, coatings of paints and plas- 


. . . . * . ° 7 + 
tics, caustic washing, heavier steel construction, use of aluminum and galvanized iron roofs, and 


wetting roofs with crude oil. 


equipment. 


Of these, gunite coatings are probably the most satisfactory. Neu- 
tralizers, gunite coatings, and corrosion-resistant alloys are used to control corrosion of distillation 


High-temperature corrosion (above about 500° F.) is predominant in cracking service. The 
protective measures employed in this type of corrosion include extensive use of corrosion-resistant 
alloys, gunite coatings, and linings of alloys, as well as the use of neutralizers in charge and 


product. 


——— is one of the major 
problems confronting the design- 
er and operator of refinery equip- 
ment. It has been estimated that the 
losses due to corrosion in tthe refin- 
ery industry alone are equivalent to 
approximately 1 cent per gallon of 
gasoline produced.(1) These enormous 
losses occur as a result of the large 
number of corrosion problems expe- 
rienced in refining. These problems 
include essentially all corrosion com- 
mon to other industries and, in addi- 
tion, a number of corrosion problems 
peculiar to the refining industry. The 
latter are primarily those which arise 
as a result of the presence of corro- 
sive sulfur compounds and of chlor- 
ides of magnesium and calcium in the 
crude oils. The major offenders in 
this respect are the high sulfur 
crudes, frequently referred to as sour 
crudes, which include West Texas and 
Panhandle. 


The corrosion experienced in proc- 
essing sour crudes has been discussed 
in detail in a number of papers pre- 
sented on this subject during the past 
several years.(2to22) Although ‘the 
present paper is limited primarily to 
the experiences with corrosion in one 
refinery, and to corrosion mitigation 
in processing sour crudes, it is em- 
phasized tthat these experiences close- 
ly parallel those in other refineries 
in which sour crudes are processed; 
as a result, many of the problems 
discussed and the solutions presented 
in this paper have already appeared 
in the literature on this subject. 


CLASSIFICATION OF CORROSION 


(This section of Mr. Camp’s pa- 
per is omitted here. In it he classifies 
corrosion as either low-temperature 
-below about 500° F., or high-tem- 
perature—above about 500° F., and 


then discusses in more detail the 
chemicals in a sour crude which are 
responsible for both types of corro- 
sion and the extent of their effect. 

(The low-temperature corrosion ex- 
perienced in processing sour crudes, 
he points out, is due primarily to hy- 
drogen sulfide, hydrochloric acid, 
water, oxygen, and carbon dioxide. 

(Corrosion of the high-tempera- 
ture type is due primarily to sulfur 
compounds present in the crude oil. 
The presence of inorganic salts, par- 
ticularly chlorides of calcium and 
magnesium, may have a marked ef- 
fect upon the rate of corrosion ex- 
perienced. Of the various sulfur com- 
pounds present in sour crudes, Mr. 
Camp contiaues, it is generally 
agreed that free sulfur, hydrogen sul- 
fide, and mercaptans are tthe most 
corrosive under high-temperature con- 
ditions. 

(The balance of Mr. Camp’s paper, 
presented below, is devoted to a dis- 
cussion of some of the major cor- 
rosion problems encountered in Hum- 
ble’s Baytown refinery in storing, 
transporting, distilling, and cracking 
sour crudes and distillates, and of the 
methods employed in mitigating these 
problems. ) 


TANKS 


The corrosion of steel tanks in 
sour-crude and sour-distillate serv- 
ices is a problem of considerable sig- 
nificance in the operation of a refin- 
ery.(24) The corrosion is due to the 
action of hydrogen sulfide, oxygen, 
and water. The roof and two top 
rings of the shell usually suffer the 
most corrosion. The corrosion of the 
bottoms of the tanks presents the 
next most important problem. The 
corrosion of the shells of the tank, 
other than the two top rings, pre- 
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sents the least problem. ‘The roofs 
of tanks in sour-crude service have a 
life varying from about 5.3 to 11.6 
years, with 8.7 years being the aver- 
age life. The roofs of tanks in sour- 
distillate service have a life from 
3.8 to 14.3 years, with an average 
life of 7.9 years. 


Means of Increasing Tank Life 

Heavier steel construction: It is 
indicated that one of the most effec- 
tive low-cost methods of increasing 
the life of a tank is to increase the 
thickness of the steel plates. As an 
example, it is common practice to 
use 3/16-in. plates for tank roofs. 
Based upon replacing the roofs when 
the plates reach a minimum thickness 
of 1/16-in., increasing the original 
thickness of the plates by 1/16-in. 
offers an increase of 50% in the life 
of the roof for a 33% additional cost 
of material for the roof, or approxi- 
mately a 20% additional overall cost 
for material and labor; because, due 
to the longer life expected from the 
thicker plates, the yearly cost for 
installation and dismantling would, 
of course, be considerably reduced. 
As a result of the longer relative life 
of the rafters and other structural 
supports as compared with that of a 
roof of normal thickness, the use of 
thicker roof plates would more nearly 
equalize the replacements of these 
units of equipment. The use of 5/16- 
in. roof material could probably be 
justified for use on rundown tanks 
and tanks of intermediate size in sour 
service where the previous roof last- 
ed less than about 6 years; whereas 
1/4-in. material would probably be 
more practical on larger tanks, where 





*(Presented before the 27th Annual Meeting 
of the American Petroleum Institute, Chicago, 
Nov. 11, 1947) 
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increased thickness of supporting 
members would be a factor. 

Roofs of aluminum and $galvan- 
ized steel: Twenty-seven aluminum 
roofs have been installed on rundown 
tanks in sour-distillate service at Bay- 
town. The first of these roofs was 
installed in March, 1928. All of the 
others were installed between Feb- 
ruary, 1931, and February, 1936. No 
corrosion has been experienced on 
these roofs proper, other than the 
formation of a thin white coating, 
probably of aluminum oxide. Some 
galvanic corrosion has been experi- 
enced at the point where the roofs are 
riveted to the angle irons connecting 
the roofs and shells of the tanks. The 
same type of corrosion has been ex- 
perienced where the roofs contact 
other steel supporting members. 

In December, 1930, two rundown 
tanks were equipped with galvanized 
roofs. These roofs are still in good 
condition. The only evidence of cor- 
rosion is a white powdery material 
formed on the surface of the galvan- 
ized coatings. 

The present practice is to install 
steel roofs on rundown tanks, rather 
than aluminum or galvanized roofs; 
because the average life of steel roofs 
is approximately 8.2 years, and an 
aluminum or galvanized roof, either 
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of which costs approximately 2 to 3 
times as much, would have to give 
at least 16 years of uninterrupted 
service to pay out the added invest- 
ment. Further, steel roofs can be 
protected at a relatively low cost. 

Caustic washing: Caustic wash- 
ing of distillates from sour crudes 
has effected an increase of 5.4 years 
in the average life of tank roofs in 
rundown and intermediate storage 
service. Maximum use is made of 
this method of increasing the life of 
tank roofs, because it is eventually 
necessary to remove hydrogen sulfide 
from sour distillates. 

Flat roofs in crude service: It has 
been observed that the roof and top 
rings of tanks in sour-crude service 
corrode more rapidly than do the 
shells. This difference in corrosion 
rate is attributed to some extent to 
the protective film of oil left on the 
shells when the tanks are emptied 
after having been filled. In some 
cases flat roofs are installed on tanks 
in crude service with provisions for 
filling the tanks and wetting the un- 
derside of the roofs once every 30 
days, thereby maintaining a protec- 
tive film of oil on the roof plates. 
This procedure has the advantage of 
reducing the vapor space of the tanks 
to a minimum, which is reported to 
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be effective in reducing the corro- 
sion of the roof plates. 

Because of the apparent advantage 
to be derived from wetting the under- 
side of the roof plates with crude oil, 
spray systems have been installed in 
some tanks whereby crude oil may 
be sprayed at regular intervals on the 
roof and the top shell plates, thereby 
maintaining a protective film of oil 
on these portions of the tanks. 


It is indicated in some cases that 
the practice of wetting the roofs and 
shells of tanks with crude oil has 
effected an increase in the life of these 
portions of the tanks, but it is not 
conclusive at present that this type of 
protection is economically feasible 
for general application. This is due 
primarily to: 1, the high cost of the 
equipment required to spray or wet 
the roofs and other portions of tanks; 
2, the difficulties experienced in dis- 
lodging the water film from horizon- 
tal surfaces; and, 3, interruptions in 
pumping schedules in order to wet 
the roofs at intervals of 3 to 15 days, 
the frequency required to obtain any 
appreciable protection. 

Protective coatings: A wide variety 
of nonmetallic materials has been 
tested by application to sand-blasted 
steel panels and exposure to sour va- 
pors in crude and rundown tanks. 
Direct application of those materials 
showing the best protection were 
made to the roofs of tanks in sour 
service. None of these materials has 
given satisfactory protection for as 
long as two years. It is concluded 
from this work that none of the pro- 
tective coatings manufactured at pres- 
ent is sufficiently resistant to justify 
its application to the roofs of tanks in 
sour-crude and sour-distillate services. 


Gunite linings: Tank bottoms in 
sour-distillate service have been pro- 
tected with concrete for about 18 
years at the Baytown refinery. The 
first applications of concrete were 
made to the tank bottoms them- 
selves, but later applications included 
a gunite lining extending about 18 in. 
up the shells of the tanks. Because 
of the good results obtained with 
coatings of this type, gunite coatings 
were applied to the entire shells, roofs, 
and structural members of several 
tanks. The results obtained were sat- 
isfactory, and it is now common prac- 
tice to gunite the inside surfaces of 
essentially all tanks in rundown and 
intermediate sour-distillate service. 

The guniting of a tank is accom- 
plished in three separate operations. 
These consist of the preparation of 
the surface, installation of the rein- 
forcement, and application of the 
gunite. The final cleaning of a tank 
in preparation for guniting consists 
of sand-blasting to bare metal. It is 
common practice to sand-blast new 
tanks to remove the mill scale. 

The preparation of a tank for gun- 
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iting, the installation of the reinforc- 
ing, and the application of the gunite 
coating have been discussed in de- 
tail in the literature.(25) 


The cost of applying a gunite coat- 
ing is in the order of 50 to 60% of 
the cost of a new tank. The applica- 
tion of gunite coatings to a tank is 
justified on the basis that they at 
least double the life of the tank. Nor- 
mally, it is expected that gunite lin- 
ings will more than double the life 
of a tank. The maximum life of such 
coatings in sour-crude and some dis- 
tillate services has not been estab- 
lished. 


LINES 


It is not general practice to pro- 
tect lines in sour-crude and distillate 
services, although it is recognized 
that they are subject to all the corro- 
sive conditions that usually affect 
tanks in similar services, except that 
possibly less air is present in the lines. 
However, in some isolated cases am- 
monia or caustic solution may be in- 
jected into distillate lines to reduce 
corrosion. In those cases the corro- 
sion is usually due to an inorganic 
acid, such as hydrochloric acid, rather 
than to compounds of sulfur. 


DISTILLATION EQUIPMENT 


The data presented in this paper on 
the corrosion encountered in frac- 
tionating sour crude are based on 
the experience obtained in reducing 
West Texas crude to about 40% bot- 
toms in a pipe still. The corrosion 
experienced in this particular opera- 
tion parallels that experienced in oth- 
er distillation operations in which 
sour crude constitutes the charge. It 
is believed, therefore, that a discus- 
sion of the corrosion experienced in 
this particular operation will suffice 
for the corrosion experienced in the 
distillation of sour crude in general. 


A simplified flow diagram of the 
pipe still used is shown in Fig. 1. 
Briefly, the charge of West Texas 
crude flows through a steam preheat- 
er, through naphtha vapor-to-crude 
and bottoms-to-crude exchangers, and 
is then flashed in the flash and reser- 
voir section of the primary tower; the 
stabilized crude flows into the fur- 
nace. The stabilized crude is heated 
to a temperature of about 575° F., 
and flows from the furnace into the 
primary tower, where light naphtha 
is distilled overhead. The bottoms 
from the primary tower enter the sec- 
ondary tower, where the remainder 
of the upper 60% of the crude is re- 
moved as overhead and side streams. 
The bottoms from the _ secondary 
tower are pumped through the bot- 
toms-to-crude exchangers and then 
into a reduced-crude cracking unit. 

In the early operation of this pipe 
still, rapid corrosion was experienced 
in the furnace tubes and overhead 
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Fig. 1—Flow diagram of pipe still used in reducing West 


Texas sour crude at Humble’s Baytown refinery 


lines and condensers. Further de- 
tails of this corrosion and the meth- 
ods employed in its mitigation are 
presented in the following discussion. 


Furnace Tubes 


All the original tubes in the fur- 
nace of this pipe still were of low- 
carbon steel. Rapid corrosion of these 
tubes was experienced, necessitating 
replacements after 4 to 6 months. 
The first step in reducing this corro- 
sion consisted of introducing caustic 
with the crude charge. It was found 
that caustic solution equivalent to 6 
lb. of sodium hydroxide per 1000 bbl. 
of crude oil could be injected with the 
charge without affecting the opera- 
tion of the pipe still or of the re- 
siduum cracking units. This quan- 
tity of caustic reduced the corrosion 
of the furnace tubes, but replacements 
of tubes near the coil outlet was nec- 
essary after 6 to 8 months. Larger 
amounts of caustic progressively re- 
duced furnace-tube corrosion at the 
pipe still, but limited operations at 
the residuum cracking units because 
of the rise in tube-metal temperature 
of the cracking-coil furnace tubes. 
As a result of this, caustic solution 
equivalent to 6 lb. per 1000 bbl. of 
charge was injected with the crude 
charge, and 20 steel tubes at the 
coil outlet were replaced with 4- to 
6% - chromium - 0.5% - molybdenum 
tubes. This combination of injecting 
caustic with the crude charge and us- 
ing 4- to 6%-chromium tubes near 
the furnace outlet has controlled sat- 
factorily the corrosion of the furnace 
tubes. 

The fact that the injection of caus- 
tic with the charge to the pipe still 
reduced the corrosion of the furnace 
tubes indicates that the corrosion was 
due in part to chlorides in the crude 
charge, particularly hydrochloric acid 
formed by the hydrolysis of calcium 
and magnesium chlorides at elevated 
temperature. 


Condensers 


In the initial operation of this pipe 
still, rapid corrosion of the vapor lines 
and condensers was experienced. This 
corrosion was due to hydrochloric 
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acid formed as a result of the hydro- 
lysis of calcium and magnesium 
chlorides present in the crude charge. 
The injection of caustic with the 
crude charge effected a marked reduc- 
tion in the amount of hydrochloric 
acid evolved, but did not eliminate it. 
The vapor lines are of low-carbon 
steel, the naphtha-vapor-to-crude ex- 
changer contain admiralty - metal 
tubes in a steel shell, and the final 
condensers and coolers are cast iron 
of the coil-in-box type. 

Ammonia is injected into the va- 
por lines upstream from the coil-in- 
box .condensers to control the corro- 
sion of this equipment. Ammonia 


‘injection and its control have been 


discussed on numerous occasions. In 
this particular case, the pH of the 
water condensed with the naphtha is 
maintained at 6.5 to 7.0. Water is 
injected upstream from the ammonia- 
injection point to prevent the depo- 
sition of ammonium salts in ‘the va- 
por lines and condensers. Higher pH’s 
are avoided to conserve ammonia. If 
higher pH’s were maintained consid- 
erable quantities of the ammonia 
would be consumed in neutralizing 
hydrogen sulfide. This is of no par- 
ticular significance in corrosion con- 
trol under conditions of this type. 


Frequently, ammonia is injected 
upstream from exchangers that are 
equipped with copper-bearing alloy 
tubes. It is normally assumed that 
copper-bearing alloys in condensers 
on sour-distillate streams would be 
corroded rapidly by ammonia when 
this neutralizer is injected upstream 
from such condensers, particularly if 
the pH of the water condensed with 
the sour distillate is maintained above 
the neutral point. It has been found 
in practice, however, that this is not 
the case. Several observations have 


been cited in an attempt to explain . 


this apparent anomaly, but no satis- 
factory explanation has appeared in 
the literature. The results of some 
recent work on this phase of the 
problem indicate that certain sulfur 
compounds, such as hydrogen sulfide, 
mercaptans, carbon disulfide, etc., are 
very effective inhibitors for control- 
ing the corrosion of copper-bearing 
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Fig. 2—Flow diagram of residuum cracking unit 


alloys in atmospheres containing am- 
monia and oxygen. The results pre- 
sented below show the extent to 


Reduction 
Cor- of Cor- 
rosion rosion 
% Rate, Rate, 
Compound Added Added In./Yr. % 
DE Kec eretrcedeneeae #00 0.5895 


Ammonium hydrosulfide 0.025 0.0368 93.8 


Ammonium hydrosulfide 0.05 0.0187 96.8 
Ammonium hydrosulfide 0.10 0.0320 94.5 
0.0096 98.4 


Ammonium hydrosulfide 0.30 
Butyl mercaptan ...... 0.25 0.3930 33.4 
Butyl mercaptan ...... 0 0.0678 88.5 
Butyl mercaptan ...... 0.0442 92.6 
Butyl mercaptan ...... 0.0315 94.5 


woo 
wou 


which sulfur compounds reduce the 
corrosion of admiralty metal in a 
10%-by-weight solution of ammoni- 
um hydroxide at room temperature 
for 48 hours. 

In another case, admiralty metal 
under stress failed as a result of 
stress-corrosion cracking in an at- 
mosphere containing ammonia, mois- 
ture, and oxygen after 3 hours of ex- 
posure. This test was repeated with 
3.0% by weight of butyl mercaptan 
added to the ammonium-hydroxide so- 
lution over which the stressed admir- 
alty metal was suspended. After 194 
hours of exposure, there was no evi- 
dence of failure as a result of stress- 
corrosion cracking. Equally good re- 
sults were obtained with hydrogen 
sulfide and carbon disulfide. 


CRACKING UNITS 


In selecting material for presenta- 
tion and discussion on the corrosion 
encountered and on the methods em- 
ployed in its mitigation in cracking 
reduced sour crudes and sour distil- 
lates, the corrosion experienced in 
the operation of three separate types 
of cracking processes has been chos- 
en. These processes include thermal 
cracking of reduced West Texas 
crude, cracking of sour distillate in 
a fluid catalyst cracking unit, and va- 
por-phase reforming of a light naph- 
tha. The discussion of the corrosion 
experienced in these cracking proc- 
esses is limited to some of the major 
corrosion problems involved, because 
it would be beyond the scope of this 
paper to discuss in detail all the cor- 
rosion experienced. It is believed 
that the corrosion discussed in con- 
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nection with these three cracking 
processes is representative of the ma- 
jor corrosion problems encountered 
in cracking in general. 


Thermal Cracking Unit 


Reduced West Texas crude from a 
pipe-still operation is cracked in a 
partial-yield operation on a thermal 
cracking unit. Fig. 2 shows a flow 
diagram of this type of cracking 
operation. The residuum charge 
flows through a heat exchanger 
and is discharged into the  bot- 
tom of the primary distillation 
tower, where it combines with re- 
cycle stock, and then flows into the 
hot fuel accumulator. The total feed 
from the accumulator is pumped at 
a pressure of about 1200 psi through 
heat exchangers, and then into the 
furnace coil. The feed flows from 
the furnace coil at a temperature of 
about 900° F. and a pressure of about 
700 psi downflow through a soaking 
drum. The feed then flows through 
@ pressure-reducing valve and is dis- 
charged into a separator, where tar 
is removed at the bottom and the 
light products pass overhead through 
heat exchangers, and then into the 
primary distillation tower. Recycle 
stock flows from the bottom of the 
primary distillation tower into the 
total feed accumulator. The over- 
head from the primary tower passes 
through heat exchangers and then 
into the secondary distillation tower, 
where it is separated into light and 
heavy naphtha. 

Furnace tubes: The first 72 tubes 
in the convection section of the fur- 
nace are low-carbon steel, the next 
30 tubes are 4- to 6%-chromium 
steel, and the last 16 tubes in the con- 
vection section and the 39 tubes in the 
radiant section are 18-8 alloy. Orig- 
inally all tubes in this furnace were 
of low-carbon steel, but those in the 
radiant section and the last 16 tubes 
in the convection section were re- 
placed with an 18-8 alloy because of 
the rapid corrosion experienced. It 
was later found necessary to replace 
the next 30 tubes in the convection 
section with 4- to 6%-chromium 
steel tubes. The life of steel tubes 
in the radiant section of the furnace 
was as low as 30 days, and the life 
of the last 16 tubes in the convection 
section was in the order of 3 months. 

In general, the performance of 18-8 
alloy tubes in this type of cracking 
operation has been satisfactory. Many 
of the original tubes are still in serv- 
ice after more than 100,000 hours of 








operations. On the basis of certain ex- | 


aminations, 


it has been postulated | 


that the deterioration and, possibly, | 


the failure of the 18-8 alloy tubes is 
due to structural changes at the grain 
boundaries. These changes are be- 
lieved to be progressive in nature, 
and are dependent upon time, temper- 
ature, and stress. It is further postu- 
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lated that these structural changes 
are due to the decomposition of the 
austenite, which results in the pre- 
cipitation and growth of highly al- 
loyed ferrite. When these precipitat- 
ed areas have reached a certain size, 
cracking occurs under certain con- 
ditions with respect to time, tem- 
perature, and stress. Once cracking 
has occurred, the tube is permanently 
brittle, but at any time prior to the 
cracking the tube is either ductile or 
can have ductility restored by proper 
heat treatment. 

Hot-oil lines: In the initial opera- 
tion of this plant, rather severe cor- 





rosion was experienced in all lines 
through which oil was pumped at a 
temperature above about 450 to 500° 
F. In order to eliminate this type of 
corrosion, essentially all of the lines 
downstream from the furnace have 
been replaced with 18-8 alloy lines. 

Soaking drum: The soaking drum 
is of low-carbon steel. The tempera- 
ture conditions are such that rapid 
corrosion would occur if the drum 
were not protected. The drum is pro- 
tected against corrosion by the appli- 
cation of a reinforced layer of gunite 
about 3 in. in thickness. This type 
of protection is very effective in re- 
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ducing corrosion of the drum, but the 
coating is frequently damaged in the 
process of removing coke from the 
drum. This necessitates frequent re- 
pairing and replacing of the gunite 
lining. This type of protection is so 
effective that these drums are in sat- 
isfactory operating condition after 
almost 20 years of service in cracking 
reduced West Texas crude. 

Separator: The separator was 
originally of all-steel construction. 
Rapid corrosion was experienced in 
this piece of equipment, and it was 
necessary to apply protection to avoid 
failure of the separator. The protec- 
tion employed consists of guniting 
the shell and installing an 18-8 alloy 
lining in manhole openings, etc. The 
plates in the separator are of steel, 
but are being replaced with 4- to 
6%-chromium steel as they fail. All 
supports are of 18-8 alloy. 

Bubble towers: The bubble towers 
are of low-carbon steel, and are 
equipped with steel plates and cast- 
iron bell caps, except for the three 
bottom plates in the primary bubble 
tower. These plates are of 11- to 
13%-chromium steel; with bell caps 
of the same material. The shell of the 
primary tower is protected with a 
gunite lining. 

Accumulator: The accumulator is 
of all-steel construction, and is pro- 
tected with a gunite lining. 

Preheaters: The exchanger is the 
primary preheat circuit, and is of all- 
steel construction. Corrosion is not 
a problem in this preheater. The ex- 
changers in the secondary preheat 
circuit are equipped with steel shells 
and 18-8 alloy tubes. The steel shell 
is protected by metallizing with alu- 
minum. This protection is satisfac- 
tory and, as a result, maintenance 
costs are low. 

Neutralizers: It was found that 
the injection of caustic, 6 lb. per 1000 
bbl. of crude, into the crude charge 
to the pipe still resulted in an appre- 
ciable reduction in the corrosion of 
the thermal cracking unit in which 
the residuum from the pipe still was 
processed. Larger quantities of caus- 
tic could be tolerated in the pipe still, 
but any increase in the amount of 
caustic injected, i.e., above 6 lb. per 
1000 bbl. of crude, materially affect- 
ed the service factor on the thermal 
cracking unit as a result of the rapid 
rise of metal temperatures in the fur- 
nace tubes. It was found, however, 
that an increase in the caustic in- 
jected into the charge to the pipe still 
effected a corresponding decrease in 
the corrosion of the cracking equip- 
ment. An experimental study of 
lime injection into the cracking unit 
was made to determine whether the 
corrosion of cracking equipment (oc- 
curring while 6 lb. of caustic per 1000 
bbl of crude was being injected into 
the charge to the pipe still) could be 
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reduced further byinjecting lime ahead 
of the cracking-unit furnace. It was 
found that, when 250 lb. of lime per 
1000 bbl. of residuum was injected, 
the life of the steel tubes in the con- 
vection section of the cracking-unit 
furnace was increased by about 40%, 
and the overall loss of iron from the 
unit was decreased by 20 to 30%. 
The injection of lime was never put 
into practice, because the increase in 
the sediment content of the fuel from 
the cracking operation was more than 
could be tolerated. 

Ammonia is injected into the over- 
head vapor line from the secondary 
bubble tower to neutralize inorganic 
and organic acid and, thus, reduce 
the corrosion of the overhead vapor 
line and condensers as well as other 
equipment downstream from _ the 
cracking unit. 


Fluid Catalyst Cracking Unit 


Corrosion, as such, is not a prob- 
lem of any particular significance in 
the operation of Fluid catalyst crack- 
ing units. Some difficulty is experi- 
enced as a result of erosion of cer- 
tain portions of equipment, but seri- 
ous corrosion has not been experi- 
enced except in one case. This corro- 
sion occurred in the 18-8 alloy vapor 
lines leading to and from the reactor 
gn an upfiow unit, and was intergran- 
ular in nature. The vapor lines in 
which this stress-corrosion cracking 
occurred were lined at points of tur- 
bulence with carbon-steel wear plates 
to absorb erosion caused by the cata- 
lyst. The intergranular cracks that 
occurred in these vapor lines were lo- 
cated behind the carbon-steel wear 
plates. 

In the investigation of this cor- 
rosion problem, it developed that there 
was a small annular space between 
the wear plates and the 18-8 alloy va- 
por lines. Catalyst and hydrocarbon 
vapors circulated at low velocity in 
this space when the unit was on 
stream. During this time, the carbon- 
steel wear plates were corroded rath- 
er rapidly by hydrogen sulfide at the 
operating temperature of about 950° 
F. As the velocities in the annular 
space between the wear plates and 
the 18-8 alloy vapor lines were low, 
a relatively thick scale of iron sul- 
fide was formed on the carbon-steel 
wear plate. 

In this particular case, it was postu- 
lated that, during the operation of 
the unit, beds of catalyst collected 
in the annular space between the 
wear plates and the 18-8 alloy vapor 
line. During the turnarounds, when 
the unit was steamed free of hydro- 
carbons, the beds of catalyst between 
the wear plates and 18-8 alloy vapor 
lines were wetted with water. After 
the unit had been opened, air was 
present for the oxidation of the iron 
sulfide to iron sulfite and sulfate. 
These salts hydrolyzed, forming sul- 


furous and sulfuric acids which at- 
tacked the 18-8 alloy—resulting in 
failure of the metal along the grain 
boundaries. 

As a result of this work, the car- 
bon-steel wear plates were removed 
from all 18-8 alloy tubes and vessels 
in the catalyst system, and wear 
plates of 18-8 alloy were installed. 
This eliminated the formation of iron 
sulfide between the wear plates and 
the 18-8 alloy lines and eliminated 
the intergranular corrosion of the 18-8 
alloy line and vessels. 

[The material presented in the con- 
cluding section of Mr. Camp’s paper 
discusses the corrosion problems en- 
countéred in the vapor-phase reform- 
ing of a light naphtha. This data is 
omitted here since it has previously 
been published—‘Stop Tube Failure 
in Superheater by Adding Corrosion 
Inhibitor,” by E. Q. Camp, Cecil Phil- 
lips and Lewis Gross, National Petro- 
leum News Technical Section, 38 (10) 
R-192 (1946).—The Editors. ] 
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Petroleum Technologists in the Headlines 








Dr. John R. Bates, formerly assis- 
tant to Sun Oil Co.’s vice president 
in charge of manufacturing, has been 
appointed Director of Research for 
the company and will head the newly- 
created Research Department. The 

creation of the 
independent Re- 
search Depart- 
ment is the first 
step in the even- 
tual consolidation 
of most of the 
company’s scien- 
tific activities in- 
‘to a proposed 


Dr. Bates 


Science Center at 
Newtown Square, 
Pa., in a non- 
industrial area 
about 15 miles 





Mr. Hill 


from the Marcus 
Hook refinery. 

Dr. Bates will 
be assisted in his 
new work by Dr. 
J. Bennett Hill, 
now manager of 
the development 
division of the 
Manufacturing Department; Dr. John 
M. Pearson, now director of physical 
research and development of the Pro- 
duction Department, and Stewart S. 
Kurtz, Jr.,. manager of the experi- 
mental division of the Manufacturing 
Department. 

Dr. Bates received his A. B. degree 
from Amherst College in 1924 and 
was the recipient of three fellowships 
at Princeton, from which he received 
an M.A. in 1925 and Ph. D, in 1927. 
He was a national research fellow 
at Johns Hopkins, an international 
research fellow at the University of 
Berlin and a research associate at 
Princeton. He joined the staff of Uni- 
versity of Michigan in 1932 as as- 
sistant and associate professor of 
general and physical chemistry. 


In 1936 he joined the Catalytic De- 
velopment Co. and became its direc- 
tor of research, resigning in 1942 to 
join the manufacturing department 
of Sun Oil Co. 

Dr. J. Bennett Hill took both his 
undergraduate and graduate work at 





Mr. Kurtz 


University of Pennsylvania and 
joined the Barrett Co. as research 
chemist, later becoming laboratory 
manager. in 1924 he became chief 
research chemist for Atlantic Refin- 
ing Co., leaving in 1954 to join Sun 
Oil Co. as manager of its newly- 
formed Development Division at the 
Marcus Hook refinery. 

Dr. John M. Pearson, a native of 
Oregon, attended Reed College in 
Portland and later the University of 
Chicago, where he received his B. S. 
degree in 1925. He served as an in- 
structor at California Institute of 
Technology for three years, receiving 
a Ph. D. degree there in 1930, after 
he was already in the employ of Sun 
Oil Co. After serving with its pipe 
line affiliates, in 1945 he became di- 
rector of Sun’s physical laboratory 
near Chester, Pa. 

Stewart S. Kurtz, Jr., received an 
A. BR. from Harvard in 1921 and an 
M. A. degree in 1922 after military 
service in World War I. He served 
as a research chemist with Good- 
year Rubber Co. and held a similar 
position with Atlantic Refining Co., 
resigning in 1935 to join Sun Oil 
Co. as manager of the Chemical Sec- 
tion of the Development Division at 
the Marcus Hook refinery. 


o o o 


Carl W. Georgi, Enterprise Oil Co., 
Buffalo, is stepping down as chairman 
of National Lubricating Grease In- 
stitute’s technical committee after 
seven years as its head. Succeeding 
him will be another well-known tech- 
nologist, T. G. Roehner, Socony-Vac- 
uum Oil Co., Brooklyn, N. Y. 


* * * 


D. E. Carr, formerly Director of 
Research for Union Oil Co. of Cali- 
fornia, is now consultant on lubri- 
cants in the Research Department 
of Phillips Petroleum Co., Bartles- 
ville, Okla. 

* * * 

Robert G. Atkinson, formerly with 
Hydrocarbon Research, Inc., is now 
a member of the chemical engineer- 
ing staff of Phillips Petroleum Co. 


* * * 


William T. Guinee, of the electrical 
department at the Bayway refinery 
of Standard Oil Co. of New Jersey, 
has been made foreman of that de- 
partment. James McTernan has 
been made head of the boilermaking 
department. 

* * * 

Dr. Donald G. Zink is superintend- 
ent of the chemical products depart- 
ment of Stanolind Oil & Gas Co., 
Tulsa. He was formerly director of 
technical development of United 
States Industrial Chemicals, Inc. 


PETROLEUM PROCESSING, December, 1947 





H. R. Lyles is senior process engi- 
neer on the staff of Cities Service 
Co. For the past 9 years he has been 
in the research and development 
laboratory of Lago Oil & Transport 
Co., at Aruba in the West Indies. 


° oO ° 


Dr. Dan Fore, Jr. is the newest ad- 
dition to the Research Department 
staff at Phillips Petroleum Co., Bar- 
tlesville, Okla. He comes to Phillips 
from the Naval 
Research Labora- 
tory at Washing- 
ton, D. C., where 
he conducted and 
directed research 
on fuels for Navy 
use. Dr. Fore 
graduated from 
Mississippi Col- 
lege in Clinton, 
Miss., and ob- 
tained his Ph. D. 
in chemistry from 
the University of 
North Carolina. 





. Mr. Fore 


* * * 


Dr. Alex G. Oblad is Director of 
Cheniical Research at the Houdry 
Process Corp. laboratories near 
Marcus Hook, Pa. He graduated and 
received his Ph. D, in physical chem- 
istry from’ the 
University of 
Utah and was 
for a time in 
the research de- 
partment of 
Standard Oil Co. 
(Indiana) and 


Dr. Oblad 


later with Mag- 
nolia Petroleum 
Co., where he be- 
came chief of 
chemical re- 
search. He was 
later head of in- 
dustrial research 
for the Texas State Research Foun- 
dation at Dallas. 


Dr. Jack C. Dart is Director of 
Development at the Houdry labo- 
ratories. He received his A. B. de- 
gree from Albion College and his 
Master’s degree in chemical engi- 
neering from University of Michi- 
gan. His professional career includes 
work with Pan-American Refining 
Corp., Magnolia Petroleum Corp. and 
Standard Oil Development Co. 





Dr. Dart 
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NEW BOOK —-NOW READY for immediate delivery... 


“INDUSTRIAL WASTE DISPOSAL 


Petroleum Refineries and Allied Plants” 


Disposing of industrial wastes is a never-ending 
problem—yet there has been a surprising lack of 
up-to-date information and _ authoritative 
reference data on this important subject. 


For that reason, “INDUSTRIAL WASTE DIS- 
POSAL” is a book that fills a real need and will be 
welcomed by all engineers and technicians who 
are concerned with effective, economical control 
and disposal of harmful wastes. 


The author—W. B. Hart—is a widely recognized 


and highly respected authority in this field, having 
been actively engaged in solving the problems of 
industrial waste disposal for the past 20 years. 
Mr. Hart is a graduate of the University of Penn- 
sylvania with the degree of Doctor of Pharmacy. 
With Atlantic Refining Company since 1923, he 
has charge of waste disposal for his Company, 
and is Chairman of the Committee on Disposal 
of Refinery Wastes of the American Petroleum 
Institute. 


**-INDUSTRIAL WASTE DISPOSAL” is a complete treatise, starting with a brief review 
of the economic and legislative backgrounds; then a full discussion of the kinds of 
industrial wastes and their harmful effects; and right on through the “‘how”’ of proper 


waste disposal. 





There is a wealth of reference information 
and operating facts in this book; over 100 
pages (8% x 11) of material, presented 
clearly and logically under these main 
divisions .... 


ECONOMIC and LEGISLATIVE ASPECTS 
KINDS OF WASTES 
EFFECTS OF INDUSTRIAL WASTES 
PRELIMINARY INVESTIGATIONS 


TREATMENT OF OIL-CONTAINING 
WASTES 


The text of “INDUSTRIAL WASTE DIS- 
POSAL”’ was first published as a series of 
articles in Petroleum Processing magazine, 
intended primarily for refinery engineers; 
however, a large part of the material is so 
basic that it is applicable to all kinds of 
waste control—whether in a refinery, a 
dairy, a tannery or other type of industrial 
plant. 


Methods for determining, measuring and 
controlling industrial wastes are covered 
in a thorough and wholly practical way, 











with appropriate sketches and diagrams. 





For the man who works directly on industrial waste control, this new book is a valuable 
‘on-the-desk’ ready reference; and it is a useful addition to the general library of all 
plants having a waste control problem. Finding quick answers to specific problems 
is facilitated by a detailed index; and the bibliography of 174 references is a real help 
when it is necessary to dig fully into the details of a particular phase of the general 
waste disposal problem. 


Eamabaonat 


“INDUSTRIAL WASTE DISPOSAL” is the most complete and up-to-date book on 
this important subject . . . 68 detailed illustrations, 11 tables, 103 pages, 814 x 11, , 
attractively bound in stiff cloth covers, with the title stamped in gold on front cover 
and backbone . . . a convenient, practical desk reference and a valuable addition to d 
any technical reference library, private or public ... . $4.00. Ohio purchasers, please 
add 3% sales tax. 
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NEW BOOKS FOR THE OIL MAN 








Third in Organic Analytical 
Reagent Series off the Press 


Organic Analytical Reagents, Vol. III, 
by Frank J. Welcher, 6 x 9 in., 606 pages, 
stiff cloth binding, indexed, $8.00 indi- 
vidual volume, $7.00 in the series. 


The third in the four-volume series 
on Organic Analytical Reagents fol- 
lows the same general pattern in 
make-up as the preceding two books. 
Indices are arranged according to 
both reagents. (including synonyms) 
and substances for which they can be 
used in analyses. 


It covers pyridine, quinoline, and 
their derivatives; dipyridyl and re- 
lated compounds, pyrazolone deriva- 
tives, miscellaneous heterocyclic ni- 
trogen compounds, the dioximes, acy- 
loin oximes, hydroxyoximes, mono- 
ximes of diketones, isonitroso com- 
pounds, nitroso phenols, miscellaneous 
oximes, cupferron and neocupferron, 
nitroso amines, rhodanine and deri- 
vatives, and various other acidic 
imino compounds. 


The author, Dr. Welcher is identi- 
fied as associate professor of chemis- 
try in the Extension Division, Indiana 
University. The last volume, No. IV, 
is expected to be published before the 
end of the year. 


Second in Kolthoff’s Series 
On Volumetric Analysis 


Volumetric Analysis, Vol. II, Titration 
Methods, 2nd Revised Ed., by I. M. Kol- 
thoff and V. A. Stenger. 6 x 9 in., 388 
pages, indexed, stiff cloth binding, $6.00. 
The 2nd Revised edition of Volu- 

metric Analysis is being published in 
three volumes. The first, which ap- 
peared in 1942, covered the theoretical 
fundamentals of the subject. The 
present volume deals with acid-base, 
precipitation, and complex-formation 
reactions in titration methods. 

The third, which is scheduled for 
publication late in 1948, is also on the 
practical side and will comprise oxi- 
dation-reduction methods. 

In the light of present day rapid 
developments in the various newer 
techniques of analysis such as the use 
of instruments, it is well that Kol- 
thoff’s comprehensive yet critical and 
selective work is being brought up to 
date. 

The contents of the book are based 
on a German monograph, Die Praxis 
der Massanalyse, first published in 





Copies of all books reviewed here 
may be ordered from the Reader's Serv- 
ice Department, Petroleum Processing, 
1213 West Third St., Cleveland 13, for 
the prices listed, postpaid, unless indi- 
cated otherwise. Ohio purchasers please 
add 3% tax. 
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1928 by Dr. Kolthoff with the assis- 
tance of Dr. H. Menzel of Dresden, 
and revised in 1931. The first edition 
was translated into English by Dr. 
N. Howell Furman at Princeton Uni- 
versity in 1929. 


The methods presented are arranged 
according to the type of reaction 
involved in the titration rather than 
by the field in which they may be 
applied. In this way the authors are 
able to emphasize the fundamental 
principles upon which each method 
is based, making the book an excel- 
lent text. On the other hand, those 
readers who wish to make use of it 
as a ready reference will find the 
extensive subject index a _ distinct 
help. 

Senior author I. M. Kolthoff is 
Professor and Head of the Division 
of Analytical Chemistry at the Uni- 
versity of Minnesota. V. A. Stenger 
is Analytical Research Chemist with 
Dow Chemical Co. 


Distillation Literature Since 1920 
Covered in German Bibliography 


Bibliography of Distillation and Recti- 
fication, edited by H. Stage and G. R. 
Schultze, 54% x 8% in., 186 pages, paper 
binding, author index, $6.75. 


The Bibliography of Distillation and 
Rectification covers literature pub- 
lished between 1920 and 1944 on 
the theory of distillation and recti- 
fication, calculation and design of 
distillation columns, methods of op- 
eration, types of columns, and dis- 
tillation problems. It is a _ reprint 
of the original German work, Die 
Grundlegenden Arbeiten ueber 
Theorie, Apparate sowie Verfahren 
der Destillation und Rektifikation, 
published in 1944 in Berlin. 

The listing appears fairly com- 
plete and includes work from British, 
American, South American, Can- 
adian, French, Dutch, Italian, Japan- 
ese, and Russian publications. Entries 
are made in the languages in which 
the original papers were published. 

The introduction, orginally in Ger- 
man, has been translated into English, 
as has been the table of contents. 
However, the subheadings covering 
the various classifications are in Ger- 
man. Because of the languages in- 
volved, it would seem that the bibli- 
ography will have a limited use for 
American industry, especially those 
companies with limited facilities for 
ready translation. 

The bibliography was listed in the 
Office of Technical Services’ weekly 
report for June 27, 1947, as available 
in photostat and microfilm copies. 
Since that time, the copyright, vested 
in the U. S. Attorney General, has 
been licensed to a private concern, 
the Hobart Publishing Co., and the 
OTS is not selling copies. 





CLASSIFIED 





Situations Open 


CHEMICAL ENGINEERS with 2-10 years 
experience in petroleum or related fields de- 
sired for project engineering in large pilot 
plant. Include recent photo with outline of 
education, experience, personal data, and mini- 
mum salary in first letter. Location—North- 
eastern Ohio. Box 18. 


JUNIOR ENGINEER: needed for West Texas 
refinery. Require engineering graduate, prefer- 
ably in Chemical, Petroleum, or Mechanical En- 
gineering. Duties include plant tests, inspection 
of equipment and assistance on designs and 
specifications. Will be given opportunity for 
supervised training in all phases of refinery op- 
erations. Prior professional or refinery experi- 
ence not essential. An opportunity for a prac- 
tical-minded young engineering graduate. Box 
15. 


MAJOR OIL COMPANY requires the services 
of several experienced chemical or mechanical 
engineers for its process engineering depart- 
ment. Applicants should be thoroughly familiar 
with the design of all types of refinery equip- 
ment, including pipe stills, thermal and cata- 
lytic cracking equipment. lubricating oil refin- 
ing equipment, etc., with from four to ten 
years’ experience in “this type of work. Plant 
experience desirable. Furnish complete outline 
of technical education, experience, previous em- 
ployers, salaries received and desired, references 
and photograph. Box 17. 





CHIEF ENGINEER—WANTED 


Chief Engineer for well known estab- 
lished firm of Engineers & Constructors. 
Prefer man with 15 to 20 years of me- 
chanical and process experience in Pe- 
troleum, Refining, Chemical and Power 
to organize and direct engineering work 
with complete responsibility. Excellent 
salary and bonus arrangement. Loca- 
tion— Midwest. 
BOX 16 











Wanted to Buy 





Wanted: 
CAUSTIC SODA 
Top premiums paid 

SANDERS & SLOAT, INC. 
180 Broadway 
New York 7,.N. Y. 
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EDITORIAL 
COMMENTS 


WIDENING 
HORIZONS 


It Rests with the Oil Companies 
To Develop Synthetic Fuels 





HAT the oil companies will take the leadership in 

the development of methods for making fuels and 
lubricants from sources other than petroleum is indicated 
by the amounts they are spending for research as com- 
pared with other industries directly or indirectly inter- 
ested in this subject. Data on research expenditures by 
these groups was gathered by the Federal Power Com- 
mission in its investigation of the natural gas industry. 
The FPC wanted to know what experimental work was 
being carried on to produce gas by synthesis to augment 
natural gas supplies when necessary. 

The petroleum industry is expending at the rate of 
over $100,000,000 per year in research and development, 
exclusive of that for exploration for new crude supplies. 
This is about 3% of its total income. Aggregate expen- 
ditures for all industrial research in the U. S. are about 
$700,000,000 a year. 

By comparison, the combined coal and coke industries 
spend barely $3,000,000 for research aside from that re- 
lating to improved materials handling equipment. The 
annual volume of anthracite and bituminous coal and 
coke products marketed is around 700,000,000 tons, nearly 
three times the volume of petroleum products. Research 
and development activities by the manufactured gas and 
natural gas utilities are even more limited. 

Research work of the coal and gas groups in this field 
is limited to studies of synthetic gas production, leaving 
to the oil companies the further steps in the manufacture 
of liquid fuels and lubricants from either natural or 
synthesis gas. 

Only a portion, of course, of the $100,000,000 a year 
the oil companies spend on research is for work on 
synthetic fuels. R. P. Russell, until recently president 
of Standard Oil Development Co., has stated that nearly 
one-third of the research and development effort of that 
company is directed to the conversion of natural gas 
and coal to liquid fuel. So it may well be that what the 
oil industry spends a year in this research is comparable 
with the $30,000,000 the Bureau of Mines is authorized to 
spend in five years on its so widely-heralded synthetic 
liquid fuels program. 

The oil companies’ research is continuous and of long 
standing and with important cumulative results, as was 
so dramatically demonstrated in the wartime aviation 
gasoline program. There is every reason to believe the 
achievement will be as great when their present work 
in synthetic fuels is translated into commercial output. 


. * * 

Along the same line of thought as the above, Marion E. 
Dice, Manager of the Economics Department, General 
Petroleum Corp. of California, told the annual meeting 
of the California Natural Gasoline Assn. there is no 
likelihood of a dying-off process where the petroleum 


976 





industry will be replaced by some competing industry in 
supplying liquid fuels. 

“The processes of the future are almost certain to 
remain in the hands of our own chemical engineers and 
their successors,” he said. “Even the technical knowledge 
of today is sufficient, without any more developments, 
to provide our energy needs for many generations with 
materials already blocked out. 

“But research has not stopped. In fact, the magnitude 
of the research investment is the most convincing proof 
that oil technology will not be superseded by coal. The 
petroleum industry spends 40 cents per ton of its prod- 
uct for research, excluding exploration research. The 
coal industry is reported to be spending 0.4 cents per 
ton. Which is likely to have the greatest reserve of tech- 
nology 10 years hence? 

The oil companies today, said Mr. Dice, are manu- 
facturers of liquid fuels, not merely “refiners” of crude 
oil and natural gasoline. “We shall make the kind of 
fuels needed for the engines of the future, and in the 
quantity needed, without much regard to the source or 
nature of the raw material. Assuming free competition 
between materials, we shall use the cheapest material 
that will accomplish the job.” 


Why Professional Engineers 
Do Not Favor Labor Unions 


A N eniightening comparison between the economic 
4 philosophies of the labor unions and of professional 
engineers in this country was presented by E. E. Rosaire, 
Houston, director of the National Society of Profession- 
al Engineers, speaking before a recent meeting of the 
American Society of Mechanical Engineers in that city. 

The average union leader, said Dr. Rosaire, considers 
labor as a commodity like lands or goods, which he aims 
to sell in the highest price market while openly trying 
to rig the market by creating a monopoly—the closed 
shop. Next, the union boss aims to be a tight trader, 
giving as little as possible of his commodity for the 
agreed price. Finally, he sells his commodity ‘on a lot 
basis, like a bushel of corn or a gallon of gasoline; or 
more like whiskey, Dr. Rosaire-commented since the 
commodity, labor, is supposed to improve with age 
through establishing seniority. 

However, the basic problems of this country have been 
those of an economy of abundance, the speaker brought 
out, and to that economy the professional engineer has 
contributed in a major way. If our national economy 
should become static, or worse, contract into one of 
scarcity, the engineers, chemists and other professional 
workers would be among the first to lose their jobs. 

Thus, said Dr. Rosaire, the professional engineer real- 
izes his economic welfare is highest in an expanding 
economy of abundance, which creates the greatest mar- 
ket for his services, and that anything which savors 
of an economy of scarcity, whether by action of capital, 
labor, management or government, is likely to adversely 
affect his personal interests. This fundamental difference 
in attitude towards society explains the great lack cf 
success of the unions in bringing the professional workers 
into their fold. 

“The professional engineers, quietly but openly and 
steadily", said the speaker, “have objected and protested 
against their being forced to join any organization with 
professed policies and preferred tactics which involve the 
basic idea of imposing an economy of scarcity, even 
though temporary, by stopping part of our national 
productive machinery”. 
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General Chemical Producing Works includes 


ATLANTA WORKS 
East Point, Ga. 


BAKER & ADAMSON WORKS 
Marcus Hook, Pa. 


BALTIMORE WORKS . \) 





Baltimore, Md. 
BATON ROUGE WORKS * 
Baton Rouge, La. 
BAY POINT WORKS 
San Francisco (Port Chicago), Calif. 
sosron Wes 
edford, Mass. ony e e 
BUFFALO WORKS »+- SO When it’s Basic Chemicals 
U ° - Ve 


LUMET WORKS 
icago (Hegewisch), Ill. 


CAMDEN, WORKS for American Industry 


CHILLICOTHEx WORKS 
Chillicothe, Ofte 


sectowen > al om GENERAL CHEMICAL First / 


Deming, N. M. P 
DENVER WORKS ot 


Denver, Colo. eee : —— 
DETROIT WORKS Sa 


Detroit (River Rouge), Mich. = Oa CoS ewes wi 
EAST ST. LOUIS WORKS At every point in the compass . . . wherever Industry is centered . . . there 


— 











East St. Louis, Ill. cs ss ; pares ‘A , - 
EL SEGUNDO WORKS is a General Chemical producing works or distributing station serving the 
; Los Angeles (El Segundo), Calif. ; f 
FRONT ROYAL WORKS territory. To supply Industry’s requirements across the country, General 
ront Koyal, Va. 
HUDSON RIVER WORKS Chemical has 33 major producing locations from which pour a steady 
gewoater, N. J. 
JACKSONVILLE WORKS stream of essential chemicals. 
Jacksonville, Fla. 
; ee These include acids—alums—sodium compounds—fluorine derivatives— 


KALAMAZOO WORKS 
Kalamazoo, Mich. 
MENASHA WORKS* 
Menasha, Wisc. 
MIDDLETOWN WORKS ee 
' Middletown, Ohio 
} MONROE WORKS we 
Monroe, La. j 
NATIONAL WORKS 
Cleveland, Ohio 
i NEWELL WORKS 
Newell, Pa. 
NEW ORLEANS WORKS 


other heavy chemicals—as well as re- 


BASIC CHEMICALS agents, fine and pharmaceutic chemicals. 


lle Thus, coast to coast, a full flow of this 
i : 


f 


broad and varied range of products, so 
necessary to peak production, is assured. 


That is why .. . in every branch of 








Marrero, La. Industry everywhere . . . the choice is 
PULASKI FOUNDRY ‘ ' ; 

Pulaski, Va. General Chemical first in “Basic Chem- 
PULASKI WORKS . , a 

Pulaski, Va. : icals for American Industry. 


RICHMOND WORKS 
San Francisco (Richmond), Calif. 


SAVANNAH WORKS 
Savannah, Ga. 


VANCOUVER WORKS GENERAL CHEMICAL DIVISION 


Vancouver, Wash. 








WISCONSIN RAPIDS WORKS* ALLIED CHEMICAL & DYE CORPORATION 
ss Wisconsin Rapids, Wisc. 40 Rector Street, New York 6, N. Y. 
= _ *General Chemical Company, Inc. Offices Serving Industry from Coast to Coast 
3 | Lt am 
le a ee m 
me AV Koss 
4) Rey ¢ ~~ 





Cangistent quality in steel 
plaite fabrication for a 
thieti-af a century is good 
reason why industry can 
fully@epend on this name. 
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Absorbents, Selective, by Hydrothermal 
Methods (PT). .....+ ++ «+ « Mar.,186 
Absorption: 
Ethylene Purification by Absorption; 

Ludwig Kniel and W. H. Slager. . Oct.,769 
High Recovery, Low Steam Use In Improved 
Absorption Unit (EP) ..... - May, 
Improved Design, Operating Techniques tor 
Girbotol Absorption Processes; R. M. 

Reed . «2. « ceocecce « OST 
Accidents,(see Safety) 
accounting, Mechanized, Streamlines Pipe 

Line Concern’s Paper Work. .°. . Jan. 
acrylonitrile, New Markets Studies for a 


Seeecsreevreeeeeen ce eee 
Additives: 


Cutting O11 Additives (WN) ° - Nov.,873 
Lubricant Additives (PT)... . .Junme, 421 
New Additive (WN)... ... ° -Sept.,707 
Paramins (HT). oc co « Apres 
Adsorbent Percolation, Decolorization of 
Petroleum Waxes by; Willis A. Johnson 


- « « cept. 
Adsorption, separation of ‘Hydrocarbons (phy 
- Oct.,780 
Aeration Tanks, Handle Disposal ‘Problem, -_ 
°7 
Agricultural Mo tor Fuels, Octane of (T) 
une, 409 
Aircraft, Favors Composite Power Plants; 

W. C. Uhl. oe « « Ag. 
Airc Oryer, Instrument “(WN) seen ‘Sept . ,705 
Air Velocity Meter, (WN)... .. . May, 387 
Alarm, Density Difference Operates Low 

Water Alarm for Boiler (EP). . . Feb.,112 
Alcohol: 

Petroleum Synthesis to Dominate Alcohol 

Field (T). - June, 409 

Technical Data Available Now on Allyl 

Alcohol (T). - « « Aug.,575 
Alkali, Treating Hydrocarbons (PT) . Jan., 25 
Alkylates, Infrared Analyses of; Glenn M. 

Webb and William S. Gallaway - « May, 356 

° cece eee s -June, 442 
Alkylation: 
Liquid Level Recorder Design Minimizes 

Difficulties in Alkylation Unit 

Settler; Alfred Krieg (PP) . . . May, 351 
Sulfuric Acid Alkylation (PT). . . Apr.,264 
Alloys: 

Alloy Tubing (WN). . - - -June, 470 
Corrosion Resistance of ‘27% Chrome Alloy 
Recorded High in Plant Service Tests 

- Feb.,116 
Ablyt Alcohol, Technical Data “Now “available 

( - - Aug.,575 
Aluminum Chloride, Inhibiting “Corrosion by 

PPT) . - « Feb.,106 
American Chemical Society, Synthesis Gas 

from Solid Fuels; William F. Bland 

ceo eceoec eee cee eo 0 co Bbegtel 
American Petroleum institute: 

APP Publishes 1945 a on Production 

Practice (BR). . - Mar.,239 

Burton Acclaimed Father of Modern “Re- 
fining Technology. ..... . . Dec.,904 
Modernizing of On-the-Job Training Pro- 
grams Undertaken by API Group; Harry 
as i. - « « Oct.,748 
Practical Aspects of Other Papers Pre- 
sented at API Refining Meeting .July, 553 
Revived API Refining’ Division Broadens 
Committee Programs (Ed)... . .July, 560 
Sour Crude Ratio Not Likely to Increase 

Refiners Are Told at API Meeting; 

William F. Bland . Dec . ,903 
American Society for Testing Materials: 

ASTM Issues 1946 Index on Standard 

Specifications (BR). ..... -Sept.,713 

Latest Edition of ASTM Standards Includes 

New Specifications (BR). e « « Mar.,239 

1946 Forum of Committee D2 on Diesel 
Fuel Oils Published (BR) . .. .Sept.,713 
Symposium on Bearing Tests Given in New 

ASTM Booklet (BR). ..... . « Apr.,316 

meme! Effects on Stainless Covered 

in ASTM Symposium (BR)... . . .Sept.,714 
American Society of Mechanical Engineers: 

Catalyst Regeneration Among Topics Cover- 
ed at Tulsa Meeting of Mechanical 
se 6426 ep @ 6 © 68 * ree 

Insulation, Heat Exc 
Tubes Discussed by Hotnantoat” ing ineers 

e-« ° © © © « « NOV.,880 
Ammonia, Synthetic (WN) . ccc ee o my, S00 
Amylenes, (PT) ..... co ee « Cane, 2 
Analysis: (see also Tests) 

Infrared Analyses of Alkylates; Glenn M. 

Webb and William S. wares - « May, 387 

ee bobe, + | 

Water * analyses Kit (WN). 387 

Develop Rapid Checking Method” for” aa 
Red Spectrometers (PP)... . . Nov.,&30 

Second in Kolthoff’s Series on Volumetric 
‘Amalysis (ER). . . . + « ce © « « DOC, 

Special Applications of Absorption 
Spectroscopy; F. W. Crawford and 
Cc. K. Buell... - « « Dec.,923 

Tests on Cracking Catalysts “Used in 
Control of Commercial Units. . . Dec.,945 

Toxicity Analyzer (WN)... . . . Nov.,875 

Water Analysis (WN). ..... . . Aug.,629 


SUBJECT INDEX 


arc we tding: (see Welding) 
Aromatic 
pocmenrad from Methane (PT). .. . Apr.,264 
Aromatics from Petroleum Increase in 
Importance (T) . oe e en, 
Cracking to Aromatics and Gas (Pr) me 


- « Nov., 
Extraction of Aromatics (pr) - + -Sept.,701 
Separation of Aromatics (PT) . . . May, 380 

aephett, | Better Impdct Resistance for New 

Blends (PT). . . - « « © « « © © AUG.,622 

Atomic Secclasaanbes 

Atomic Power Plants are Still a long 
Way Off (T).. - « » Dec.,899 

Radiation Chemistry “offers Intriguing 
Prospects (T)s . « o's » © «0 o MY, Se 

Automotive Developments: 

High Compression, Fuel Saving Engine 
Practical, Kettering Tells SAE; William 

. oe «6 Pes =e | 

More Efficient Utilization of Fuels; 
Charles F. Kettering e « 0.6 « seu, 48 

New Autos Will Have "Postwar® Features 

° - July, 491 

What Next in Automotive “Puels?; Dr. 

P. Barnard. . Apr . ,245 

Steam Autos Again. Possibility; We *c. 
Mises secvecnosvnenecse + SEA 

Aviation Fuels: 

Detonation Indicators Achieve Fuel Econ- 
omies for Aircraft; Reduce Waste, Over- 
SS Sere oye, 

Superfractionating Base “stocks for 100- 
Octane Gasoline. ....... » Feb.,136 


Barrels: (see Drum Handling) 
Bearings, Symposium on Tests Given in New 
‘Booklet (BRY....... . Apr.,316 
Belting: 
Vee-Belting (WN) ....... «+ « Oct.,789 
Vee-Belts (WN) . o « « duly, 548 
Benzene, Potential Shortage. Is Refiners’ 
Opportunity (T). . oe © « oSept.,655 
Binary Distillation, (see * Fractionation) 
Blending, Proportioning Valves Speed Blend- 
ing of Gasoline, Eliminate Mixing' Tanks 
at Pipe Line Terminal. .... . Feb.,128 
Boilers: 
Boiler Feedwater Treatment (WN). . May, 385 
Boiler Scale Removal (WN). ... .July, 546 
Density Difference Operates Low Water 
Alarm for Boiler (EP). .... . Feb.,112 
Insulating Boiler Headers Can Be Profit-— 
able co 0 © © « « FOD.,125 
Small Boilers “(WN) wees ¢ « Ge 
Bolts, and Fasteners (WN). ... . .Sept.,711 
Book Reviews: 
ASTM ~~ “czas for Steel one 
Materials. . - May, 399 
ASTM Standards, “Ingex: to, “Dec., "1946 
- sept.,713 
ASTM Standards on “Petroleum Product ts 
and Lubricants .... o « « Mar.,239 
Bibliography of Distillation and Recti- 
fication, edited by H. Stage and G. R. 
Schultze... o « « Dec., 97% 
Buna Rubber, Frank A. “Howard - « « May, 399 
Butalastic Polymers—A Treatise on Syn- 
thetic Rubbers, Frederick Marchionna 
agate Apr .,316 
Chemistry for “the “Executive, Ralph K 
Strong’... oeeve Apr . ,316 
The Chemist ry of Heterocyclic Compounds 
coeceecec eo ee o o my, SB 
Colloid "science. °° - Oct.,796 
Concise Chemical and Technical Dictionary, 
edited by H. Bemmett .... . Mar 
Diesel Operation and Raistainies 
Orville L. Adams . ‘eb.,154 
Drilling and Production “practice, 1948 
+ + « « « Mar.,239 
Economics” of the Pacific Coast Petroleum 
Industry, Part 3, Joe S. Bain. Apr. ,316 
Encyclopedia of Hydrocarbon Compounds , 
Vol. Il, Cy and oy compiled by Joseph 
E. Faraday’. . - + « sept.,713 
Examination of Industrial ‘Measurenents, 
John W. Dudley, Jr... ... « .Sept.,713 
Fire and the Air War, edited “by Horatio 
Bond .... ee « « CR. 7 
Forum on Diesel “Fuel Otis. eo « « sept.,713 
Industrial Waste Disposal for Petroleum 
Refineries and Allied ores W. B. 
Bewes - + « Nov.,887 
Instrumentation and “control” in the German 
Chemical Industry, C. H. Gregory, H. B. 
Seen, A. P. Lowes and F. C. Whalen 
- « Nov.,887 
Lessons" in Arc Welding, ‘ard “edition 
. Sept.,713 
Letter Symbols for Chemical “Engineering 
; eee e © « « « sJuly, 558 
Manual tor Process Engineering Calcula- 
tions, lst edition, Loyal Clarke 
coco ee ee ee 0 0 8 0 0 0 0 MWe ST 
Mechanisms of Reactions at Carbon—Carbon 
Double Bonds, Charles C. Price . May, 399 
Minerals Yearbook, 1945, edited by H. D. 
Keiser, U. S. Bureau of Mines. . Oct.,796 
Modern Petroleum Technology. . .. Mar., 
Motor and Generator Standards, Publication 
No. 45-102, Revision No. 2... .Sept.,714 
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Book Reviews--Continued 
National Electrical Code, Vol.v of 
National Fire Codes. ..... . Feb.,155 
Organic Analytical Reagents, 
Frank J. Welcher ..... 
Organic Analytical Reagents, 
Frank J. Welcher ..... 
Organic Analytical Reagents, 
Frank J. Welcher... 
Organic Chemistry, 2nd English edition, 
Paul Marrer. . « « « « « © 0 -« © Gt.,786 
The Petroleum Almanac. .... . . Jan., 79 
Petroleum Production, Vol.II, The - 
timm Rate of Production, Park J 
Jones. . .. “es “Feb.,154 
Petroleum Production, “vol. Ill, oil 
Production by Water, Park J. Jones 
Tt 
Physical Chemistry and the Technology 
of Fuels, A. W. Gauger ... . .Sept.,713 
Physical Constants of Hydrocarbons, Vol. 
IV, Gustav Egloff. .. Apr. ,316 
Plastics Business, Herbert R. Simonds 
and Joseph V. Sherman... ... Jan., 79 
Practical Emulsions, 2nd edition, H. 
Bennett. ... o 0 « aOpt., 7 
Saudi Arabia, K. s. “qwitchell. - - Feb.,154 
Standard Methods for Testing Petroleum 
and Its Products ...... . July, 558 
Symposium on Atmospheric Weathering of 
Corrosion-Resistant Steels . . .Sept.,714 
Symposium on Testing of Bearings . Apr.,316 
Thermodynamics for Chemists, Samuel 
Glasstone. .. o « « « May, 399 
The Wet Purification of Coal Gas and 
Similar Gases by the Staatsmi jnen- 
Otto Process, H. A. J. Pieters and 
D. W. van Krevelen... - Oct.,796 
Unit Processes in Organic synthesis 
3rd edition, P. H. Groggins. . . Oct.,796 
Volumetric Analysis, Vol.II,2nd revised 
edition, I. M. Kolthoff and V. A. 
Stenger. — » « « Dec.,975 
Bubble Towers, (see Fractionating Towers ) 
Bureau of Mines, (see U. S. Bureau of Mines) 
Burners: 
Refinery Burners (WN). .... . .July, 548 
Steam Hose Connection Permits Frequent 
Gas Burner Cleaning Without Shutdown 
a =e ras 
Burton, Dr. William M.,Acclaimed Father of 
Modern Refining Technology . . . Dec.,904 
Bushing, Inserts Save Time and Materiais in 
Large Valve Yoke Bushing Repairs 
Mite ciecuvtevnes eee ees @ 


Capacities: (see Refining Capacities) 
Catalysts: 
Can Catalyst Testing Methods Be Devel- 
oped for Refiners’ Use? (Ed). . Nov.,888 
Catalyst Regeneration Among Topics 
Covered at Tulsa Meeting of Mechanical 
Engineers. .. . - « « « Apr.,308 
Chemical and Physical “properties of 
Alumina-Molybdénum Oxide Catalysts for 
Hydroforming; Glenn M. Webb, M. A. 
Smith and C, H. Ehrhardt... . Nov.,8% 
Close Control Important in Regenerating 
Spent Catalyst in Fluid Cracking Units 
- « « Apr.,3ll 
Factors” in Regenerating of Synthetic 
Bead Catalysts in Thermofor Cracking 
Process. . . .« oe « e « Apr.,306 
Fluid "Cat Cracker" “Designed to Use New 
MS Catalyst; D. P. Thornton, Jr. 
eo « o Mar.,1% 
High-octane “gasolines” by Suspensoid 
Cracking with Synthetic Catalyst 
- « « Dec., 929 
Particle Size “Distribution of Cracking 
Catalysts; Glenn M. Webb... July, 497 
Photo Cells Used in Controller for 
Catalyst Regeneration Unit (EP) 
« - « dune, 462 
Plant-Bulit “Equipment “grades Catalyst én 
California plea Unit (PP) 
- + « June, 417 
Properties of “cracking Catalysts; Glenn 
M,. Webb and C. H. Ehrhardt... Jan., 5 
Spherical Catalysts (PT)... . .Sept.,701 
Tests on Cracking Catalysts Used in 
Control of Commercial United . . Dec.,945 
Catalytic Cracking, (see Cracking, Catalytic) 
Caterole Process, Technical Data’ on Revealed 
Mick anes Gee ee «ow & + ee 
Caustic Treating: 
Alkali nearer Hydrocarbons (PT) 
Jan., 25 
Caustic * gweetening of “Naphthas (PT) 
cee cece ecs ce + & « MPs, Ie 
Caustics: 
Caustic Handling (WN). ..... . May, 389 
Caustic Soda (WN). o ooo » my, 20 
Chemical Industry, What is the? (Ea) 
os oh © - - - Jan., 80 
Chemical Bae Uniform “symbols for 
Chemical Engineering in New Standard 
arrester 
Chemicals: 
Chemical Products (WN) ..... . Oct.,790 
Chemicals (PT) .. - - ...« « « « Nov.,870 
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Chemicals--Continued 


Hydrocarbons (WN)---...- + « Oct.,790 
Industrial Chemicals mn Se gk Nov. ,879 
Laboratory Chemicals (WN). 


Organic Chemicals (WN). . 
Organic Chemicals (WN) . ° 
Petroleum Steps into Breach as Supp 
Source for Critical eerere ‘a 
Oostermeyer. ° ~ 
Technical Data Available Now on Allyl 
Alcohol (T).... - « « Aug.,575 
Chonicate from Petroleum: (see Petro- 
hemicals 


chemistry: 
Double Bonds Covered in First of Polymer 
Research Series (BR) . . May, 
1947 Priestley Talks on Piel Now Avail- 
able in Book Form (BR)... . .Sept.,713 
Novel Approach to Explaining Chemistry 
in Book by Strong (BR) . . .. . Apr.,dl6 
Second English Edition of “Karrer’s Text 
Now Available (BR) . - Oct., 796 
Second in Organic Analytical Reagent 
Series off the Press (BR). . . .Sept.,714 
Clad naaetey Stainless-clad Steels (WN 
eccecec co o Ot.,700 
Clamp, Supports “(nj ke oo @ 2 eee 
Clay Finishing, Modern Manufacture of Lubri- 
cating o14s, E. R. Smoley and D. Fulton 
- « Aug.,594 
Clean-outs, “carefully” Planned Work Sched— 
ules Aid in Clean-outs of Refirsry 
Units; Jim Wallen. .. . Mar. 
Coal: i also Synthetic Fuels “and “Lubri2 


axperteunt with Underground Gasification 
of Coal (T). Feb., 88 
Synthesis Gas from $0114 Fuels; “William” 
F. Bland . 2 1 2 oe ce 0 oo oe Ot. 751 
Coking: 


Claim High Aromatic Yields in Coking and 
Cracking Oven (EP) . o « Calle, 
Delayed Coking Unit Processes *Residuum 
into, Gas 011 Charge for TCC Unit; 
Randal Maass and R. E. Lauterbach - 


. - Jan 
Col loidal “Fuel Study Predicts Competition 


for Fuel O11 (T)...... Feb., 89 
Colloids, Volume a R Based on Cambridge 
Lecture Series (BR see 


Geter Code, for A Identifications 7 yg 
in Training Refinery Operators; William 
Das e 6 + oe 6s + + eee 
Companies (see Plants Described) 
Compressors: 
Air Compressor (WN). ..... . . May, 387 
Centrifugal Compressor (WN). ... Aug. , 627 
Small Air Compressor (WN). ... . May, 385 
Conservation: 
Ext: traction Plants Replace Gas Flares 
- Nov.,857 
Gasoline Plant Investments are Practicad 
Conservation (Ed). .... . . dune, 480 
Octanes vs Conservation (Ed) .. . May, 400 
—, Filtration, Contact Finishing of” 
be O11 Stocks. . - - Nov,,853 
Control (see also Instrumentation): 
Quality Control (WN) ...... . Oct.,791 
Controllers (see also Instruments): 
Control Instruments (WN) . 
Cycle Controller (WN). 
Feed-Water Controller (va) 
Fluid Control (WN) .. 
Liquid Level Control (WN); 
Photoelectric Control (WN) 
Pneumatic Control (WN) . 
Pneumatic Controllers (wij 
Pressure Control Pilot (WN) 
Pressure Controller (WN) 
Pressure Regulator (WN). 
Ratio Controller (WN). . 
Valve Control (WN) . 
Automatic Controls (wn): ° 
Coolers, Water Scarce—Natural Gasoline 
Plant Uses Air for 80% of Required 
Cooling; D. P. Thornton, Jr. . . Jan., & 
Cooling Towers: 
Atmospheric Cooling Tower Size Is Based 
on Water Concentration for Height; 
domes G@, DUFIG, 2 2 et et .June, 433 
Cooling Tower fun} Pr atela & oe July, 546 
Cooling Tower eo « © « « OCt.,789 
Evaluate Performance of "Induced Draft 
Cooling for Closer Control of Costs, 
James G. DeFlon. . . . « « « « « ADr.,249 
Hydraulic Controls Used for Flow Rate and 
Liquid Level in Cooling Tower Sump, 
Alfred Krieg (PP). ..... . June, 419 
Cooling Water, Floating Pumphouse in River 
Channel Sipplies Refinery with 
Coes ewec cc lcs oo ite 
Corrosion: 
Corrosion Control (WN) . ... . « Aug.,629 
Corrosion Inhibitor (WN)... . Sept. ,'707 
Corrosion Resistance of 27% Chrome Alloy 
Recorded High in Plant Service Tests 
. age 4 
Corrosion-Resistant steel Gn ee =~ = 
Corrosive Service Meters ( Dek? 790 
Fight Against Soil Corrosion Is "Yanage- 
ment’s Battle Too (Ed)... . . Aug.,640 
Inhibiting Corrosion by Aluminum Chloride 
(PT + « » Feb.,106 
New Theory tor Corrosion of “carbon steel; 
William C, Uhl . . - .. » June, 405 
o1l-filled Valve Trap Mitigates Correston 
m Furfural Solvent Lube repay Unit 
Dec, , 913 


-June, 468 
-Sept., 709 
-June, 468 

- Nov.,879 
‘June, 467 


ay 
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ote: 3 Corrosion Inhibitors” (Pry 
Coe eee eo = wo oo tw o oOPtey ME 


Corrosion--Continued 
Remedies Studied for Freakish Corrosion 
Occurring in Some Condensate Fields; 
D. P. Thorntm, Jr. . «ee . Apr. ,273 
Sour Crudes—Equipment Protection; 
- Q. Camp. - Dec., 967 
Tower Lining Method “Reduces “Rivet "Head 
Corrosion and Cuts Welding a 
_, ae Mar.,178 
Cracking Catalytic (see also specific 
ic processes): 
Cataiys Flow Is Improved by inbent Slots 
on Troughs (EP). . .« « « « © « « APP.,e271 
"Cat" Cracking Quiz. ..... . .June, 425 
Continuous Catalyst Flow Achieved without 
Using Vapor-Sealed Valves (EP) . Jan., 27 
8000 b/d Refinery Converts Thermal Unit 
to Catalytic Cracking for $n00-S5O/Nb; 
William F. Bland 4h 
Filter Eliminates Plugged “Lines “— Pilot 
Plant Cat Cracker (PP oo 0 o MY, 
Fluid "Cat Cracker" Des gned to Use New 
MS Catalyst; D. P. Thornton, Jr. 
cocecceosec ec eos 0 oc 0 o M.S 
Fluid Cracker Charges Heavy Distillate 
in Postwar Motor Gasoline ae “ 
Jan, 
Heat Waste and Vapor Loss “Reduced “by hg 
Baffles Inside Catalyst Stripper (EP) 
ee eo ee ow 0 0 8 0 0 oc 0 c AU. O25 
"Kitten" Cracker Works Out Diet for 
Commercial Fluid Units .... .July, 518 
Light Weight Waste Heat Boiler Is Econ- 
omical for "Cat" Crackers (EP) . Apr.,271 
Mechanical Device-Gives Accurate Results 
in Measuring Clay Thruput from TCC 
Kiln; Alfred Krieg (PP). ... .July 
Mercury Seal Facilitates Measurement 
Molten Salt Flow in Catalytic Crackers; 
Alfred Krieg (PP). . . ... « « Mar 
Moving Bed "cracker*® Is Economic for 
Throughputs up to 4000 b/d (EP) 
0.9 ¢ 0 6.0. ¢ 6 6 os el e.« » Oar 
New Process Combines Advantages of Fluid 
and Moving Catalytic Beds (EP) . Feb.,110 
Radioactive Carnotite Ore Used in cracking 
Process (PT) .. - » Feb.,107 
Refineries Must Have Catalytic Cracking’ 
to Meet Competition, Frame Tells fp. «. 
July, 549 
Tests” on Cracking Catalysts “Used in ¢ Con- 
trol of Commercial Units .... Ce, 
Suspensoid Catalytic _— Robert i 
Purvin . oo « « « May, 328 
Turnaround Technique es ) <2 os Aug. ,569 
Cracking, Thermal: 
Claim figh Aromatic Yields in Coking and 
Cracking Oven (EP) . e « » Jan., 30 
are to Aromatics and. Gas (PT) 


e+ « « Nov.,869 
Crude “pesaiting "(see Desalting) 
Crude Production (see Production) 
Cycling Plant, New (WN). 
aera " cyclopentene trom (PT PT) 
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Cycloversion, “Perco, tor the Small Ref iner; 
- Daniels and M. W, Conn . . May, 391 


Deaeration Equipment: 
Deaeration Equipment (WN). . May, 389 
Deaerators (WN).......- “— : isept.,711 
Deasphaiting, Modern Manufacture of Lubri- 
cating Oils; E. R. Smoley and D. Fulton 
i oS oe a et ae - Aug. ,594 
Decolorization of Petroleum Waxes by 
[ge Percolation; Willis A. 


Johnson © 0 © 0 o Opt. 67S 
De-icing Fluid,” (Pry : ea ee Feb.,107 
De-ethanizers, Control and Operation of; 

A. J. L. Hutchinson. ...... Oct. ,792 
Desalting: 


O11 Desalting and Dewatering (PT). Jan., 25 
Temperature of Feedwater for Desalter 
we with — a Regulator 


ve ee ee - « Feb.,100 
Design: 
Flow Template (WN) . Aug - 36 
Factors in Gasoline Plant ‘Design f for igh 


Propane Recovery; R. E. 
Tro ee o— it. ,664 
Fractional Distillation =e ~ Bubble Plate’ 
Column Design; Robert R. White 
GCOPCSREN Us os 2 6 ©» a - « « Feb.,147 
Fractional Distillation — Bubble, Plate 
Column Design; Robert R. White 
(ONGSGEO Giese oo 2 6 6 2 . Mar. ,228 
Graphical Method for Distillation Cal- 
culations; W. D. Harbert ... . Aug.,610 
Importance of Flexible Pipe Supports; 
E. W. Stothart ; . . July, 529 
Process Calculations Manual Is e. 
in Engineering Series (BR) . . . Nov.,887 
Desulfurization: 
Caustic Sweetening of Naphthas (PT) 
rey e re yre rer rs = 
Treating and Desulfurizing Oils with Boron 
Fluoride Hydrate (PT). ... . - May, 379 





CODE for Regular Features: 


BR -- Book Review 

Ed -- Editorial 

EP -- Equipment Patents 

HT -- Helpful Trade Literature 

PP -- Plant Practices 

PT -- Patent Trends: 

T -— Tomorrow in Petroleum Technology 
WN -- What’s New 











Detergents: 
Another 011 Company Markets New 
Petroleum Detergent (T). . .. . Nov.,812 
Detergent Promotor Developed for Improved 
Fabric Washing (T) . - Dec.,900 
ba Market for Petroleum. Detergent 
The ces - « esept 
Deve lopment: (see “Research and ivieiopmeit) 
Dewatering, O11 Desalting and (PT) . Jan., 25 
Sonatas Modern Manufacture of Lubricating 
Oils; E. R. Smoley and D. — - 
ug. ,594 
Dictionaries “New Chemical leiabetei Joins 
Growing List of Reference Books (BR) 


Diesel Engines: 
Fuel Injection Improves wees: W. A. 


ie bb 66 © oe)? ug. 592 
New Diesel Engine Manual will “Help omy Ba 
tenance Men (BR) ....... . Feb.,154 


Diese! Fuels: 
Adding to Diesel Fuel Supply5 W. EL Baan ‘ 
Sat soe ° e o, 95 
Lube Oils May Be Tailored “to Offset 
Effects of Sulfur in Diesel Fuels 
eae ee ae ee Feb., 94 
1946 Forum of Committee D-2 on Diesel 
Fuel Oils Published (BR) . .. .Sept.,713 
Synthine Diesel Fuels Attract ee 
nf ore ee ee +, 89 
Disposal of Refinery Wastes: (see wees 
Disposa 
Distillation: (see also Fractionation): 
Distillation Bibliogra of ‘Value to 
Petroleum Engineers (T - Mar.,172 
Graphical ay ty Distillation Cal- 
culations; Harbert ... . Aug.,610 
Molecular Distillation (WN). . . . Aug.,629 
New High Efficiency Column Based on In- 
creasing Rate of Diffusion of Gas 
ee eee July, 539 
es ~ Gas-Tight, Will Fit Variations 
in Cofumr, Diameter (EP). ... July, 544 
Orains and Vents, Fundamental Requirements 
for Yrrangement of in Processing 
Us 2% 6 © ¢ & © @ ‘ - « eJuly, 504 
Orum Handling: 
Barrel Stand Tray “se to Various 
Positions of Drum oe o o Uly 
Drum Truck’s Two-Way Rockers Simplify 1 0 


Ending Operation (EP). ..... June, 464 
Oil ire Unloading Device Makes It a One- 
oe ee ee ee ee we . Apr. ,272 
Economics: 


Better Fuel Economy for Tomorrow’s Cars 
Through Surer Control of Knocking 
- » Feb., 90 
Detonation Indicators “achieve "Fuel Econ- 
omies for Aircraft; Reduce rasta 
Overhauls. . . - Feb., 90 
Fischer-Tropsch Process “Ww. s. Mode1) Is 
Means of Supplying Low Cost Oxygen 
- Febd.,113 
Greater Capital "Expenditures Trouole 
Boomemiees (7) . « + 2 2 ec - May, 332 
Increasing Propane Recovery in Existing 
—— Plants, D. P. a 
a ow A a we wes Aug. ,583 
maatietel Accounting Streamlines “Pipe 
Line Concern’s Paper Work. . . » 49 
aa | Manufacture of Lubricating “ore;” 
Smoley and D. Fulton. . . Aug.,594 
More Secanaee Data on Synthetic Fuels 
kl ea Dec. ,899 
Natural Gasoline Looks Ahead; G. G. 
Oberfell and R. C. Alden... .Jun 
New Book Discusses Effect of Public 4 
on O11 Industry (BR)... .. . Apr.,316 
Odd Correlation Between Price of Nylon 
S.C, eer ee Apr 
Petroleum Import Prospects Not PER. 2 
Gloomy (TT)... ‘i oo « MOVe,GiL 
Processes for Hydrocarbon Synthesis from 
Natural Gas Show Much Economic a a 
Apr .,312 
Refineries Must “Have Catalytic Cracking 
to Meet Competition, Frame Tells 
ee ae ae ee - -July, 549 
Editorials: 
A Lot of Dirt to Scratch Up. . .. Nov. ,888 
A Politician Has the Final Word on 
Science Foundation--And Says It .Sept.,720 
Again Issue of Control of Science Founda- 
tion Is Before Congress. . . . . Mar.,240 
Another Company Program Recognizes Con- 
tributions of Research Staffs. . Mar.,240 
Can Catalyst Testing Methods Be Developed 
for Refiners’ Use? ...... . Nov.,888 
Chemical Industry Looks to Petroleum 
for Many Plastics Raw Materials. Apr.,320 
Court San tions FPC Authority to 
Regulate Gasoline Plants ... . Aug.,640 
Fight Against Soil Corrosion Is 
Management’s Battle Too. ... . Aug.,640 
Gasoline Plant Investments Are Practical 
Conservation... +» « « June, 480 
High Wartime Plant Operating Rate Now 
onsidered Norml....... . Jan., 80 
How Near Is Fuel Injection?. . . .June, 480 
Is $30,000,000 More Needed for the Py 
Fuels Program? . July, 560 
It Rests with the O11 “Companies "to 
Develop Pynthet ie Fuels . . ._. Dec.,976 
More than Its Own Disclaimer of Intent 
Needed to Curb FPC . + « « Oct.,800 
New Pattern for Refinery Operations 
+ « « » May, 400 
Octanes ” ve Conservation. cee « o ay 








SUBJECT---1947 Index 








Editorials—Continued 
Professional Men Have Their Own Voice 
under the Taft-Hartley Labor Act 
° « « « Sept.,720 
Programs for On-the-Job “Training, Like 
Other Tools,Need Modernizing . . Oct.,800 
Ref iners Should be Informed on the Studies 
on “Jet® Fuel. . . o « « Re, DW 
Revived API Refining Division Broadens 
Committee Programs ...... July, 560 
Science Replacing Witchcraft in Engine 
and Fuel Testing... + « « « Feb.,160 
Scientific Research and Development Ig 
Multi-Billion Dollar Business. . Apr.,320 
Shall Government Permanently Engage in 
Liquid Fuels Research? ... . . Feb.,160 
What Is the Chemical: Industry?.. . Jan., 80 
Why Professional Engineers Do Not Favor 
Labor Unions .......+.« « Dec.,976 
Electrical Codes, Latest Edition of “National 
Electrical Codes Available (BR). Feb.,155 
Electrical Division, Contributes to Utopia’s 
Safety Record; Frank J. Sluze. . Apr.,262 
Electric Motors: {see Motors) 
Electric Welding: (see Welding) 
Electron Microscope, (WN)... . . .Sept.,709 
Employee Relations: (see also Labor): 
Effect of Taft-Hartley Act on Refinery 
Labor entapenemeen ety C. H. Metz, 
Jr. ~ « « er 
Modernizing “of On- the-Job “training 
Programs Undertaken by API Group; 
Harry D. Kolb. . . e © oc Ot. 708 
Programs for On-the-Job “training, Like 
Other Tools, Need were, 
( ee 6 -« « Oct.,800 


Why Professional Engineers Do “Not Favor 
Labor Unions (Ed). ..... . »- Dec.,976 
Emulsions: 
Emulsions Formulary Indicates Increased 
Growth in the Field (BR)... . .Sept.,714 
Emulsion Treaters (WN)...... . . . Nov.,879 
Methods for wererer Emulsions in Wastes; 


W. B. Hart. . ear: se 

Engine Lubrication, ” (WN) May, 389 

Engines, (see Diesel Engines, “automotive 
Developments ) 


Ceplqneet Patent Review: 
Added Downcomer Increases Bubble — 
Efficiency . . 
Airplane Crash Fire Fighter Is pie 
to Running O11 Fires... .. . Apr.,272 
Automatic Fire Extinguisher Uses Carbon 
Tetrachloride. .. - May, 384 
Automatic Locator Is Developed for Slide 
Rule Decimal Points. . . - « « Nov.,872 
Baffles in Fin-Type Exchanger Effect 
Better Heat Transfer... .. June, 462 
Barrel Stand Tray Adjustable to Various 
Positions of Drum... . July, 544 
Build Concrete Tank in 8 Hours by Use of 
Inflated Bag Forms... . - « « Mar.,187 
Built-in Scraper Cuts Clogging in “Gas—Jet 
Feed Injector. . July, 544 
Carbon Dioxide Used in Novel High-Tempera- 
ture Plug Valve... - - » Mar.,189 
Carriage Reduces Damage in Pipe Line 
Filter Removal . . May, 382 
Catalyst Flow Is Improved by Inbent 
Slots on Troughs . . e « Apf.,271 
Check Valve in Foam Branchpipe Prevents 
011 Escape from Tank Mar. ,187 
Claim High Aromatic Yields in “Coking 
and Cracking Oven. ...... . Jan., 30 
Construction Economies Are Found in 
Improved "Fluid" Cracking Unit . Dec.,960 
Continuous Catalyst Flow Achieved Without 
Using Vapor-Sealed Valves. . .. Jan., 27 
Density Difference Operates Low Water 
Alarm for Boiler . . - Febd.,112 
Device Collects Gas Samples" trom In- 
accessible Locations .... . . Feb.,112 
Dov“ le Float Rotameter Provides Con- 
tinuous Viscosity Measurement. . Nov.,872 
Drum Truck’s Two-Way Rockers Simplify Up- 
Ending Operation... - « June, 464 
Ease of Assembly, Efficiency Are Features 
of Shaft Seal. .. - « « Febd.,110 
Exchanger Efficiency Increased by Change 
in Ferrule Design. . - -Sept.,704 
Expensive Machining Is Avoided with 
New High Pressure Union. . . -Sept.,704 
Filtrate Recovery Is Improved Using 
"Smear-Wash" Technique . . Aug. ,624 
Gas-Tight Downcomer Will Fit Variations 
in Column Diameter... - . July, 544 
Heat Exchanger in Fluid Unit Improves 
Light O11 Processing... .. . Feb.,112 
Heat Waste and Vapor Loss Reduced by 
Baffles Inside Catalyst Stripper 
Cee ecee ec ec oe 8 cw 0 co AMBe Gee 
- ~ Recovery, Low Steam Use in Improved 
bsorption Unit. .... + «-+ May, 382 
High Temperature Pipe Cost Reduced 
Using Both Alloy and Carbon Steels 
+ . -Sept.,704 
Improve “Practionator Efficiency with 
Continuous Feed Analyzer - « July, 543 
Improved Slip Gage Prevents inaccurate 
Tank Car Readings. June, 462 
Improved Tank Vent Combines Mechanical 
and Liquid Seals .... e « « Apr.,z271 
Increased Life of Lead~Lined Tanks by Re- 
vised Method of Fastening. . . .July, 543 
Installation Is Inexpensive for New 
Bubble Tray Risers... - . « Aug’. ,624 
Instrument Provides Continuous Control of 
Specific Gravity ...... . .June, 462 
Light Weight Waste Heat Boiler Is Econ- 
omical for "Cat" Cracker... . Apr.,271 


Equipment Patent Review--Continued 
Moving Bed “Cracker” Is Economic for 
Throughputs up to 4000 b/d . . . Oct. ,{7& 
Need for Template Eliminated ra Method 


for Welding Pipe Aug. ,624 
New Fitting So Simplifies “Replacing 
Damaged Pipe Section . . Oct. ,784 
New Flowmeter is Adaptable “to Either 
Liquids or Gases... « « « « Mar.,160 
New Heat Exchanger Design “Reduces “tube 
Sheet Failures .. Jan., 30 


New Pipe Wrench Features Adjustable Jane 


New Process Combines Advantages “of raid 
and Moving Catalytic Beds. . . . Feb.,110 
New Rescue Harness Simplifies Removal of 
Workmen from Tanks . - « « « Mar.,189 
New Valve Will Handle Fluids at Tempera- 
tures up to 2600° F. e « « MMe, DO 
Notched Trays Stop Channeling in Packed 
Towers or Reactors .... . . + Dec.,960 
Novel Repair Tool Removes Dents from 
Thin-walled Metal Tubing.. . . . Oct.,784 
Obtain Nearly Pure Hydrocarbon with 
Separator for Paraffin Wax . . . Nov.,872 
011 Drum Unloading Device Makes It a 
One-Man Job. ....-. . - Apr.,272 
Photo Cells Used in Controller for 
Catalyst Regeneration Unit.. . .June, 462 
Plug Valve Repacking Simplified with 
Hollow Stud Arrangement. . .. . Aug.,623 
Portable Weld Fume Exhauster Has Filter 
and Spark Arrestor ... es 
Safety Valve Closes Quickly “Under” Surge 
of Water in Line ...... . « Feb.,110 
Sectional Liners Reduce Wall Cracks in 
Catalyst Chambers. .. - May, 382 
Slip-Type Joint Can Be Cooled “tor "High 
Temperature Service. .... - Aug. ,623 
Sticking Vanes Are Eliminated in 
Improved Rotary Pumps. ... . .Sept.,704 
Tank Roof Permits Fast Drainage and a 
Corrosion on Underside .... Oct 
Two-Coil Fire Thermostat Uses calivratiae 
Adjustment... o « « Meg FT 
Ethylene Purification by “absorption; 
wig Kniel, and W. H. Slager . Oct.,769 
expansion Joints: 


Elbow Expansion Joint (wt) - « « » May, 386 
Expansion Joint (WN) .. oo « « 006,08 
Expansion Joints (WN). o « « « Aug.,628 
Expansion Joints WN). . ‘ “Sept .,709 


Slip-Type Joint Can Be Cooled for High 
Temperature Service (EP)... . Aug.,623 


Federal Legistation: 
A Politician Has the Finai Word on 
Science Foundation--And Says It (Ed) 
ee ce « esept.,720 
Again” Issue of Control of Science Founda-~ 
tion Is Before Congress (Ed) . . Mar.,240 
Court Sanctions FPC Authority to 
Regulate Gasoline Plants (Ed). . Aug.,640 
Refinery Wastes Face Stricter Control in 
Pending Anti-Pollution Legislation; 
William F. Bland ...... . . Mar.,165 
Federal Power Commission: 
Court Sanctions FPC Authority to Regulate 


Gasoline Plants (Ed) ..... . Aug.,640 
More Than Its Own Disclaimer of Intent 
Needed to Curb FPC (Ed). . . . . Oct.,800 
Filters: 
Carriage Reduces Damage in ng Line 
Filter Removal (EP). May, 382 
Filter Eliminates Plugged Lines “tn Pils 
Plant Cat Cracker (PP) . May, 351 


Filtrate Recovery Is Improved ‘Using 
"Smear-Wash" Technique (EP). . . Aug.,624 
Nylon Filter Cloth (WN). ... . . Dec.,961 
Fire Alarm, Two-Coil Fire Thermostat Uses 
Calibrating Adjustment (EP). . . Jan., 27 
Fire Extinguishers: 
Airplane Crash Fire Fighter Is Adaptable 
to Running 011 Fires (EP)... . Apr., 
Automatic Fire Extinguishers Uses Carbon 
Tetrachloride (EP) ...... . May, 384 
Check Valve in Foam Branchpipe Prevents 
O11 Escape from Tank (EP). . . . Mar.,187 
Fire Fighter (WN). ....... \Sept .,.707 
Foot-Operated Vise Saves lime, Prevents 
Spills in Fire Extinguisher Recharging 
eae - Feb., 98 
Fire Protection: 
Even Utopia Takes No Chances When It 
Comes to Plant Fires; Frank J. Sluze 
- . « Sept.,662 
It’s 4 Hardy Fire “That Could Even Start 
in Utopia Plant, Frank J. Sluze. Nov.,&2 
No Welding Injuries or Fires at World’s 
Safest Refinery; Frank J. Sluze. Feb.,104 
Texas Plant Protects Pumphouse with 
Independent Foam System. . .. . Nov.,885 
ee Refinery Machine Shop Reduces 
own—T ime in Repairs on Fire-Damaged 
— Arch (PP). . . « « « « SOpte 688 
First Aid: (see Safety) 
Fischer-Tropsch Process: 
Chemical Products of anaes Plane Re~- 
vealed (T).. o « « « Oct.,738 
Fischer-Tropsch Process “Ww. S. Model) Is 
Means of Supplying Low Cost Oxygen 
- « + Febd.,113 
Government Research | on Synthine Process 
is & « 6 « oo « + MPe, 178 
Hydrocol Process Shows Many Improvements 
Not Found in the Fischer-Tropsch 


Synthesis. . ° .- May, 390 
Hydrogen Cyanide trom “carbon Monoxide 
and Ammonia (T). ..... .. » Aug.,576 


Fischer-Tropsch Process--Continued 
Stanolind Will Market mptreess Chemicals 
( - . . .sept.,656 
Synthesis “of Hydrocarbons “trom Gas as 
Projected for Stanolind ae 


George Roberts, Jr... Dec.,905 
Synthine Diesel Fuels Attract “continued 
Study (T). ... see en 


Term *Synthine® Replaci “*Pischer- 
Tropsch® in America ing °F o « « Ar. aie 
Fittings, Stainless (WN) . o « © « Ot.,790 
Ptengees 700 Pipe Flanges per Month are 
lvaged on Beveling Machine Built 
from Scrap, Vernon Starr (PP). . Dec.,918 
Flow Chart, Refinery (WN)... .. . Oct.,791 
Flow Meters: 
Corrosive Service Meters (WN). . . Oct.,790 
Flow Measurement (WN). ..... . Dec.,964 
Flow Meter (WN)... . .... + + AUg.,628 
Flow Meters (WN) . -June, 470 
New Flowmeter is Adaptable to. Either 
Liquids or Gases (EP). .... . Mar.,189 
Stainless Flow Meter (WN)..........May, 389 
Fluid Catalytic Cracking: 
Close Control Important in Regenerating 
Spent Catalyst in Fluid Cracking Units 
Preys Fs 
Construction Economies Are Found In 
ons "Fluid" Seenans Unit 
EP) . + »960 
Cut Costs on New 3000 oye Fluid “eGraamet® 
by Using Unified re 
William F. Bland . . ° 
Filter Eliminates Plugged Lines in SPriok 
Plant Cat Cracker ol +o « «.. a oe 
Fluid "Cat Cracker" Designed to Use New 
MS Catalyst; D. P. Thornton, Jr. Mar.,173 
Fluid Cracker Charges Heavy Distillate in 
Postwar Motor Gasoline Operation 
oe eo « « CAR, 
Heat Exchanger in Fluid “Unit Improves 
Light O11 Processing (EP)... . Feb.,112 
Heat Waste and Vapor Loss Reduced by 
Baffles Inside Catalyst oer 


EP Aug. ,623 
"Kitten” Cracker Works Out Diet for 
Commercial Fluid Units .... .July, 518 
Spent Catalyst Stripper pocparate from 
Reactor in New Fluid "Cracker® . ae 
‘rurnaround Technique... Aug. ,569 
Foam, Texas Plant Protects Pumphouse with 
{ndependent Foam System..... . . Nov.,885 
Foreign Developments; 
BIOS Reports Lag in German Chemical 
Instrumentation (BR)... . . . Nov.,887 
Desperate Japs Tried to Make "“Avgas” 
Even from Pine Tree Roots, Needles; 
D. P. Thornton, Jr..... . . Nov.,815 
Product Flexibility, Low Fuel Consumption 
Feature Modernized Pemex Refinery; 
Rafael Ortiz Mena, S. A. Guerrieri 
and D. W. Wilson . ee 
Foreign Oil, Story of Middle Eastern 
Country Should Interest U. S. Oil 
Ml Se ow «© 0%s 6 0 8 ow oo 
Fractionating Towers: 
Added Downcomer Increases Bubble Column 
Efficiency (EP). ... . May, 384 
Air and Water Scrubbing Treatment “Ertec- 
tively Cleans Fractionators; Ray Elo 
oe ee 6 « « Re, 
Fractionating “Tray (ua e « © © « « May, 385 
Fractionating Tray * + + « « June, 468 
Installation Is Ae for New 
Bubble Tray RiserS (EP). ... . Aug.,624 
Notched Trays Stop Channeling in Packed’ 
Tower or Reactors (EP)... . . Dec.,960 
Tower Lining Method Reduces Rivet Head 
Corrosion and Cuts Welding Requirements 
(«ew wo Meg 


- May, 334 
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ractionation: 
—S and Operation of De-ethanizers; 
J. L. Hutchinson. .... Oct. ,792 

Distt iiation Literature Since 1920 Covered 

in German Bibliography (BR). . . Dec.,975 
Fractional Distillation--Special Problems 

in Binary Distillation; Robert R. White 

and W. T. Boyd (article a) « i» ee, B 
Fractionai Distillat ion--Bubble Plate 

Column Design; Robert R. White 

(article 5)... « 0.2 Oe 
Fractional Distiliation--Bubble Plate 

Column Design; Robert R. White 

(article 6). ... - - « Mar.,228 
Fractional Dist illation—-Elements "of 

Ternary Distillation; Robert R. White 

and W. T. Boyd (article 7)... May, 371 
Fractional Distillation--Stripping and 

Rectifying Columns for Fractional 

Distillation; Robert R. White and 

W. T. Boyd (article 8) .... . Nov.,862 
Improve Fractionator Efficiency with Cone 

tinuous Feed Analyzer (EP) . . .July, 543 
Obtain Nearly Pure Hydrocarbon with 

Separator for Paraffin Wax (EP). Nov.,872 
Provides Automatic Adiabatic Separation 

(PT) . ° « « eduly, S40 
Turner-Burre1l Absorption Fractionator 
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1 Blending, Experimental; H. C. Walters 
eat pyr rrreriyre  < _ 
Fuel injection: 

Fuel Injection Improves Economy; W. 

Oe & 6% & 4 0 et & oe * 6 ee 

How Near Is Fuel Injection? (Ed) .June, 480 
Fuel Oil, Colloidal Fuel Study Predicts 

Competition for Fuel O11 (T) . . Feb., 89 
Fuels: (see Synthetic Fuels and Lubricants, 

and specific types of fuels) 
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Furfural: 
Du Pont Announces Nylon from Furfural 
— Feet eT eS - . eduly, 491 
New Furfural Solvent Lube Plant; Louis 
C. Brown and Claud F. Tears. . .July, 492 
Furnaces: 
Ciaim High Aromatic Yields in Coking and 
Cracking Oven (EP)... os ae a4 
Furnace Heat Leones (WN) . - Oct., 
Header Supports for Furnaces (Pr). Apr 2288 


Gages: y 
orrosion-resistant Gage (WN). . . Aug.,625 
Improved Slip Gage Prevents Inaccurate - 

Tank Car Readings (EP)..... June, 462 

Recording Gages (WN) . o © © « Ott. 701 

Injectors and Gages (WN)... .. Oct .,790 

Gages, Thickness: 
Thickness Gage a aa a Oct. ,785 
Thickness Gage ° > 
Thickness Measurement (va) ° “Sept «706 
Thickness Measurement ieee 79 

Gas Analyzer, (WN) . eae: 

Gas Indicator, Flammable “(wn) cas . Dec. ,963 

Gas Oil Polyforming W. C. Offutt, P. 

Ostergaard, . 6 Fogle, and fi, 

Beuther. ... 
Gasoline: (see Motor Fuels, Aviation Fuels) 
Gas Purification; Improved’ Design, Operat- 

ing Techniques for Girbotol Absorption 

Processes; R. Od. » « « « « Dec.,907 
Gas we Device “Collects Gas Samples 

rom Inaccessible! Locations (EP) Feb.,112 

Gas Seearater. (WN). - - Dec. ,964 

Gasification of Coal: "(see Coal) 

Gaskets: 

Gasket-Cutting Time Reduced About 80% 
With santas _— Used on Drill Press 
(PP) . ; ces + + Gs oe 

Gaskets (WN) ede a ae ess ° 7 - 

Insulating Gasket (WN) ..... . May, 3 

Plastic Gasket (WN). ......2-. hus! 62? 

Uniform Gaskets Can Be Cut Quickly and 
Accurately from Vinylite Plastic Tubing; 


A. B. Kourt (PP)... . May, 350 
Gasoline, Project Progress Report on Com- 
ponent Parts of. ..... -July, 554 


Gas Synthesis Process: (see Fischer— 

Tropsch Process) 

Germany: (see Foreign Development) 
Girbotol Absorption Process, Improved 

Design, Operating Techniques for; R. 

HM. ROO. «© co oo - - Dec.,907 
Glycerides, Prescription for (ut). ° Apr .,317 
Glycerine, Synthetic, Shell Plans — 

SS" ££. aaa 
Gravity Computer, (WN)... . 
Grease: 

Continuous Process for Manufacture of 

Greases (PT):. ..... oe 3 oa, 

Grease Maker (WN)... . - « eSept.,707 
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Heat Exchangers: 

Air-Cooled Heat Exchangers; D. P. 

TRermtOR, Wee oe oe ee 8 - Oct.,775 
Baffles in Fin-Type Exchanger Effect 

Better Heat Transfer (EP). . ...Jume, 462 
Exchanger Efficiency Increased by Change 

in Ferrule Design (EP) ... . .Sept.,704 
Heat Exchanger in Fluid Unit Improves 

Light O11 Processing (EP). . . . Feb.,112 
Insulation, Heat Exchangers, Furnace 

Tubes Discussed by ‘Mechanical ae 

. - Nov.,880 

Light Weight Waste Heat Boiler is Econ— 

omical for "Cat" Crackers (EP) . Apr.,271 
Maintenance of Tubular Heat Exchangers; 

Sy On 2 bt a he Se ee July, 534 
New Design for Heat Exchangers Relieves 

Strain on Tube Sheet; S. Kopp and G. 

ie Se 2) be a ee ww - -June, 449 
New Heat Exchanger Design Reduces Tube 

Sheet Failures (EP) .... .. Jan., 30 
Save 28 Man-Hours Dismantling Time By 

Improved Method for Cleaning Ex-~ 

changers (PP). .... Mar .,179 
Save 83% in Maintenance Labor by Change 

in Exchanger Bolts (PP). ... . Dec.,913 
Speed Up Dismantling of Heat Exchangers 

through Use of Longer Type Flange 

ee Sele wee ane nee « « « Oct.,744 


Heat Losses, Furnace (WN). ..... Oct. ,791 
Helpful Trade Literature: 
Allis-—Chalmers Water Conditioning 
Chemicals and Equipment. . .. . Jan., 79 
Automatic Temperature Control Systems, 
Wheelco Instruments Co... .. . Mar.,239 
Co-ordination of Motive, Men and Money 
in Industrial Research (Standard 011 
Gain. OF GURST a) «= 2 0 6 @ 6.6 um Feb.,155 
Equipment and Materials for Conditioning 
Water and Other Liquids (Liquid Con- 
ditioning Corp.) . ....«..«. Feb. ,155 
Hot Process Water Softeners, Cactenee 
COiPec ccc eoeneseecrvtve Apr.,317 
Learning to "Weld, “Lincoln Electric Co. 
i * + +26 ee Apr. ,317 
Maintenance Hints for “General “Purpose 
Turbines, Westinghouse Electric Corp. 


. sk oe ww eae ae ee Apr.,317 
Organic Nitrogen Compounds, Carbide and 
Carbon Chemicals Corp. ..... r.,239 


Our Third Report to Industry on Simplex’ 
Synthetic Rubber Insulations, Simplex 
Wire and — eo © eee Jan., 79 

Paramins, Enjay +. « « Apr.,516 

Prescription hy Giyesriges, M. W. 

Resi ee we ae + Apr. ,317 
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The Turner-Burrell Adsorption Fraction- 
ator (Burrell Technical hosed Co.) 


ween so. - « « » Febd.,155 
Wyatt°’s. 2.2. see eee eeece Jan., 79 
Heterocyclic Compounds, “Book on, Was Needed 
in Organic Field’ (BR)... .. uly, 558 
High-Pressure Processes, “(WN) : . May, 389 


Homogenizing, 3 for Removing 
reaptans (PT)... . - . duly, 540 
Hose: 
Neoprene Hose (WN) ...... . -June, 470 
Steam Hose (WN). ....... . dune, 465 
Hydrocol Process, Shows Many Improvements 
Not Found in the Fischer-Tropsch 
Gymthesis. .. ec eee eevee May, 390 
Hydrofor ming: 

Chemical and Physica} Properties of 
Alumina-Molybdenum Oxide Catalysts for 
oe Glenn M. Webb, M. A. 

Smith and C. H. Ehrhardt... . Nov.,8&34 

Hydroformin Providing Chemical Inter- 
mediates (r) i ° 

eee Ge « & 6s & 2 oe Nov. ,877 
Hydrogen Cyanide, from Carbon Monoxide 
and Ammonia (T). ..... + « « Aug.,476 
Hydrogenation, (WN)... . « Aug.,629 
Hypersorption Process, tor Separation of 
Light Gases. ... e « « e Apr.,s00 


Impact Tool, (WN). - Aug. ,625 
Industrial Re lations; "(see Labor)” 
Industrial Research Service Foundation: 
Public Library Establishes Research 
 . Sara aaa Dec. ,900 
information Services: 
Increased Attention Being Given Petroleum 
Information Services (T) ... . Apr., 
Public iabrary, Establishes Research Group 
+ + +s ee eae Dec .,900 
Technical “Data Available Now on we 
Alcohol (T). . . Aug.,575 
oer Built-in Scraper “cuts énsesite’ in 
in Gas-Jet Feed Injector (EP). .July, 544 
Insecticides, (PT)... . « sJdume, 421 
ates Continuous Inspection Record 
He'lps Minimize Forced Shutdowns 
- vet inery (PP) . - - Jan., 18 
Instrument Society of America, Improved 
Plant Instrumentation Practices Are 
Presented at ISA Conference . . Oct.,750 
Instrumentation: 
Automatic Control of Processing Is serene 
Quality Insurance; Robert H. Wehr 
cee ee ee ee ee = 365 
Automatic Termperature Control Systems 
eee ere Mar.,239 
BIOS Reports Lag in German Chemical 
Instrumentation (BR) . . - « « Nov.,887 
Clay Levels in Hoppers Shown Instantly 
and my, a Electrical Instrument; 
Alfred Krieg (PP). ..... Aug. ,580 
Hydraulic Controls Used for Flow Rate 
and Liquid Level in Cooling Tower Sump; 
Alfred Krieg (PP)... +» » edune, 419 
Improved Plant Instrumentation ‘Practices 
Are Presented at ISA Conference. Oct.,750 


Instrument Chart (WN). . . July, 548 
Instruments in the Modern. Refinery; 
George A. Larsen .....-2-s Nov..,821 


Instrumentations (WN). » - « dune, 468 
Knock-Out Traps Prevent “Loss of Costly 
Instrument Mercury (PP)... . .July, 528 
Liquid Level Recorder Design Minimizes 
Difficulties in Alkylation Unit 
Settler; Alfred Krieg (PP) . .. May, 351 
Mechanical Device Gives Accurate Results 
in Measuring Clay Thruput from TCC 
Kiln; Alfred Krieg (PP). . July, 527 
Mercury Scal Facilitates Measurement of 
Molten Salt Flow in Catalytic Crackers; 
Alfred Krieg (PP)..... + ws Mar. ,179 
Pressure on Fuel 011 Line Controlled 
through Air-operated Fluid Drive Unit; 
Altves Wriee GF¥ is. «0 + 6-0 % Nov. ,831 
Water System Instrumentation Costs 
Cut by Use of Difference in Line 
Pressure; Alfred Krieg (PP). . . Oct.,743 
Instruments; (see also reread 
Flow Meters (WN) . June, 470 
Instrument Lubricants Employ Dicarboxyite 
, Acid Esters (PT) . . May, 380 
nstrument Provides Co tin ¢ 
Specific Gravity (EP). AUOUS bontrol of 
Instruments (WN) . - . -Sept.,709 
New Flowmeter is Adaptable to Either 
Liquids or Gases (EP). ... . . Mar.,189 
insulation: 
Cold Insulation (WN)..... . . .Sept.,709 
Insulating Boiler Headers Can Be 
Profitable ... 
Insulating Gasket. (WNy : a 
Insulation, Heat Exchangers Furnace 
Tubes Discussed by Mechanical 
Engineers. . . . + ++ 2 eee WV . 5880 
Sectional Liners Reduce Wall Pers, in 
Catalyst Chambers (EP) ..... May, 382 





CODE for Regular Features: 


-- Book Review 

-- Editorial 

-- Equipment Patents 

Helpful Trade Literature 

-- Plant Practices 

-- Patents Trends 

-- Tomorrow in Petroleum Technology 
-- What’s 
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Isobutane, from ornate Paraffin Hydrocarbons 
arr oo © © « « Ob.,700 
Iso-octane: 
Certified Iso-octane by the Car Load; 
Otto Gerbes, H. J. Hall and A. E. 
Becker (article 1--Manufacture). Oct.,734 
Certified Iso-octane. by the Car Load; 
Otto Gerbes, H. J. Hall and A. E, 
Becker (article 2—Handling and Trans- 
portation, Storage and Dispensing 
Composition) ..«secerere Nov. »847 


pe th ned Foreign Development ) 
Jet Engin 
Avati ability of Fuel Being Considered in 
Design of Jet Aircraft Engines .July, 552 
Favors Composite Power were W. * 


oes ee Oe SOS ° 2 9093 
Ref iners Should “be Informed on the Steiles 
on "Jet® Fuel (Bi) . . .. se - Jan., 80 


Job Training: (see Training) 


Knock Testing: 
"Approach" to Selection of Compression 
Ratio to Fit Fuel Anti-Knock Quality 
: oe ieee Glee ee - Feb., 91 
Better Fuel Economy for Tomorrow’s Cars 
Through Surer Control of Knocking 
rrret trie es - « Feb., 90 
Detonation Indicators Achieve Fuel Econ— 
omies for Aircraft; Reduce Waste, 


GUOPREMIS. « « cw oo te 8 ee Feb., 90 
Knock Tendency Correlated with Molecular 

Structure. ...... « « « « eduly, 556 
Knock Testing (WN)... . . . Dec.,964 


Knock-Out Traps, Prevent ag “of Costly 
Instrument Mercury ( (PP). . « « duly, S88 


Lapor: 
Effect of Taft-Hartley Act on Refinery 
~~ Relationships; C. H. Metz, 
a oe ee Aug. ,567 
paalittoleiad Men Have “Their “Own "Voice 
under the Taft-Hartley Labor Act 
ek oe 6 ° « eSept.,720 
Why Professional Engineers Do Not Favor 
haber Watems (8). «2 0 sw 6 Dec. ,976 
Laboratories: (See also Research and 
Development ): 
Control Board (WN) ....... Oct. ,787 
Fuel Research by Mass Production Methods 
a 2 °« « « Jan., 57 


Laboratory Apparatus (WN) . . May, 389 
Laboratory Equipment: 
Apron Recoati om er a eae ae July, 548 


Darkroom Sink (WN)... 2 2-ec-e Aug. ,627 
Legistation; (See Federal Legislation) 
Level Control: 

Clay Levels in Hoppers Shown Instantly and 
Controlled by Electrical Instrument; 
Sites Bree GF. «.c ow 2 0 ee Aug. 580 

Water System Instrumentation Costs Cut by 
Use of Differences in Line Pressure; 
Alfred Krieg (PP)... .. . . - Oct.,743 

Level Gages, (WN). . . . - +. + « « NOV.,877 
Linestarter a ee oe Oct..;'787 
Liquefied Petroleum Gas: 

Increasing Propane Recovery in Existing 
Gasoline Plants; D. P. Thornton, Jr. 

- « « Aug.,583 

Factors “tn Gasoline *Piant “Design tor 
High Propane pang R., E. Chambers 

eo « cept. ,664 

Hydrogen Cyanide trom” carbon Monoxide 

and Ammonia (T). . . . «+ « « « AUg.,576 
Loading Platforms: 

Loading Platform Efficiency Increased 
with Installation of Centrifugal 
Pumps (FP) «ce co cc ee - Jan., 20 

Pressure-Operated Switch Simplifies 
Remote Control of a Rack Pumps 
( o 2 0 « « MPS 

- Dec., 963 


Low Temperature Apparatus, (WN) 
LPG: (see Liquefied Petroleum 
Lubricants; (see also Synthetic 5 Paste and 
Lubricants) 3 
Contact Finishing of Lube 011 Stocks 
. + Nov.,853 
Lube Otis “May “Be Tailored “to Offset 
Effects of Sulfur in Diesel Fuels 
Sri Haifacting or"Libitéattie’otis;” 
Modern Manufacture of Lubricating = 
E. R. Smoley and D. Fulton... 
New Furfural Solvent Lube Plant; teat _— 
Brown and Claud F. Tears ... July, 492 
New Lubricant of Castor O11 and Petroleum 
Sh Web neeneceeeness ae ee 


Maintenance: 
Describe Method for Determining Optimum 
Time for Overhauling Centrifugal 
PUMBB. we ceo oe eee « «© « o Apr. sit 
Proper Operation and Maintenance Insures 
Full Advantages of Floating Roof Tanks; 
Fred L. Goldsby and C. M. Orr. . Mar.,199 
Steam Trap Maintenance (WN). . . . May, 389 
Tool Cuts Time 89% in Removal of Golisétor 
Channel rag (PP). -Sept.,658 
Manhole Covers, (WN) ......+46+-s Dec. ,964 
Material So 
Shop-Built Material-Handling Buggies 
Are Versatile Helpers (PP) .. . May, 352 
Truck Loader (WN). ...... «+ « Dec.,96 
Mercaptans, wer enizing Apparatus for 
Removing Pr). Sct ts + a oe 
Mercury ww Bing PSST Aug. ,625 
Metals; (see also specific types): 
Cleaning Metals for eating (PT) . Dec.,958 
Metallurgy Guide (WN). .... - May, 389 
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Metals--Continued 
New Theory for Corrosion of Carbon Steel; 
William C. Uhl - « June, 405 
MEK, Flammability Limits (WN)... . Nov. ,879 
Mexico; (see Foreign ~~~ ~~ 
Molecular Distillation, (WN - Aug.,629 
Motor Fuels: 
"Approach" to Selection of Compression 
Ratio to Fit Fuel Anti-Knock Quality 
Tres re ere e o 0 « FORe, D1 
Availability of Fuel Be ing Considered in 
Design of Jet Aircraft Ingines .July, 552 
Better Fuel Economy for Tomorrow’s 
Through Surer Control of Knocking 
te. dt eee ees Febd., 90 
High “Compression, Fuel Saving Engine 
Practical, Kettering Tells SAE; 
William C. Uhl. . - + « July, 485 
Lower Volatility of Postwar Gasolines 
Lengthens Engine Warm-Up Period. Feb., 92 
More Efficient Utilization of Fuels; 


Charles F. Kettering... -July, 486 
Petroleum Company Road Tests Its Gasoline 

Indoors (T). . Apr.,255 
Science Replacing “Witeheratt in “meine 

and Fuel Testing (Ed) ..... Feb. ,160 
What Next in Automotive Fuels?; Dr. D. 

P. Barmard . . . 2s o «© © « « Apr.,245 

Motors: 

Diaphragm Motors (WN). .... . . Oct.,791 


Drain Petcocks on Explosion—Proof Motors 
Are Not Good Practice, Readers’ Report 
TL arent ar tee ee eS May, 352 
Drain Petcocks on Motor Casing Cut 
Failures from Dampness (PP). . . Jan., 17 
Electric Motor (WN). ...-c-cee July, 545 
NEMA Issues: Second Revision on Motor. and 
Generator Standards (BR)... .Sept.,714 


Naphthas: 
Caustic Sreetaning of Naphthas (PT) 
eee ee - Mar.,162 
Converted Topping Unit Makes Close-Cut 
Naphthas and Solvents from Gasoline 
° - Mar.,191 
Naphthenic Acids, * Pind Wide “commercial 
Usage (T). . « « « - May, 
National Fire Protecti on Association, Report 
Observations of Effects of Fire and 
Atomic Bombings (BR) . . . « » « Jan., 79 
Natural Gas, Processes for Hydrocarbon 
Synthesis from Natural Gas Show Much 
Economic Promis®é . .. +... « Apr.,dl2 
Natural Gasoline: 
Court Sanctions FPC Authority to Regulate 
Gasoline Plants (Ed) ..... ~ Aug.,640 
Extraction Plants Replace Gas Flares 
- « Nov,,857 
Factors in Gasoline “Plant “Design for High 
Propane Recovery; R. E. Chambers 
o + oo « eSept., 664 
Increasing Propane Recovery in Existing 
Gasoline Plants; D. P. Thornton, Jr. 
«+ « « « Aug.,583 
Natural “gasoline Looks Ahead; G. G. 
Oberfell and R. C. Alden... .June, 453 
Remove Troublesome Sulfides and Water from 
Unstabilized Natural Gasolines (PP) 
eoe ee ees cee oo co ot Fe, 
Water Scarce—Natural Gasoline Plant Uses 
Air for 80% of Required Cooling; 
D. P. Thornton, Jr. . 2. « « dane, & 
New Processes: (see Processes) 
Nitrogen Compounds, ar (HT) . . Mar.,239 
meerece? Chioride, oe ee « « dune, 468 
Nylon: 
Du Pont Amounces Nylon from a a 


Odd “correlation Between "price “of iyien’ 
and Hose (T) . . . « « © « « « « ADr.,254 


Octane Number, Over-emphasis of Octane 
Numbers Stressed (T) ...... Oct. ,738 
Office of Bibliography, Technical Data 
Available Now on Allyl Alcohol (T) 
+ « « « Aug.,575 
oll Changes, On ‘Big "Engines “Made Easy 
with Shop-Built Portable Pumping 
Unit; George Cunningham (PP) . . Oct.,744 
oll Field Brines, Salvaging Commercial 
Minerals from;-Robert H. Dott. .July, 512 
Oll from Coal; (see Synthetic Fuels and 
Lubricants ) 
Oil-Shale: (see Synthetic Fuels and 
Lubricants) 
Olefins, Branched Acids from Iso-olefins 
St ee abo a eee we -June, 421 
Organic Cheaicals: (see Chemicals) 
Organic Reagents: (see Reagents) 
Oxygen: 
Fischer-Tropsch Process (U. S. Model) Is 
Means of Supplying Low Cost ee 


eres aneeeee #4 Feb.,113 
Industrial en Is Attracting. Increased 
OEOEIII ES Apr. ,255 
Oxygen Production (Pr) eeeeee . Oct... 782 
Oxygen Recorder (WN) ......46 Oct. ,787 
Oxygen Recorder (WN). .....-. Nov. ,879 
Packing, Mechanical (WN) ..... -Sept. ,709 


Painting, Rigging Technique for Painters’ 
Stages Will Eliminate Swaying rey" 
Prevent Falls (PP) . 

Paraffins, Chlorinated, “are “Pinding “quant tty” 
i, . » ow é 6 os ea une’, 4 
Pevemias, (NE) « « co we ce ee “i 318 

Patent Trends in Petroleum Refining: 
Alkali Treating Hydrocarbons . . . Jan., 25 
See wos se es eevee + - » Jan., 26 


Patent Trends inPetroleum Refining--Continued 
Aromatics from Methane ..... - Apr .,264 
Asphaltic Weed Killer. ..... . Mar.,186 


Blends .... o © « « « Aug.,622 
Branched Acids from Iso-olef ins. e 
Caustic Sweetening of — - » Mar.,182 
Chemicals. ... - « « Nov.,870 
Chemicals from Petroleum .... . Oct .,782 
Cleaning Metals for Coating... 
Continuous Process for Manufacture of 

Greases. .... oe p 0 oc o May, 37 
Cracking to Aromatics and Gas. . . Nov. ,869 
Cyclopentene from Cyclopentane . . Feb.,106 
DEEN TEER sc we et we ee eh & Feb.,107 
Extraction of Aromatics. ..... Sept.,701 
Header Supports for Furnaces . . . Apr.,268 
Homogenizing Apparatus for Removing 


Mercaptans . - « eJuly, 540 
Inhibiting Corrosion by “aluminum 

Gulewide « 0 20 eo ew 2 0 « « « « Feb.,106 
Insecticides... ... - . . June, 421 
Instrument Lubricants “Enploy Dicar- 

bonsste Acid Esters - - May, 380 

Isobutane from Higher ‘Paraffin Hydro- 

carbons. .. ° — Pa 
Lubricant Additives. ....... une, 421 


New Lubricant of Castor 011 and Potrelaen 
O11. ° ee + « © uly, 541 
O11 Desalting "and “Dewatering - - - Jan., 25 
Other Hydrocarbon Conversion Develop~ 
ments. .... io +e & om Jan., 26 
Oxygen Production. ons ° Oct. , 782 
Pipeline Corrosion Inhibitors. ° . {Sept.,702 
Provides Automatic Adiabatic Separation 


‘i - « eJuly, 540 
Pump Packing Made “of Tale Resists Hydro- 
fluoric Acid ..... - » May, 379 


Radioactive Carnotite Ore Used in 
Cracking Process ...... . « Feb.,107 


Rubber Extenders . . Jan., 25 
Selective Absorbenta by “Hydrothermal 
MEEMOERc pce ease eve e& Mar.,186 


Separating Reagent Sludges e « « « Dec.,958 
Separation’ of Aromatics. ... . . May, 380 
Separation of Hydrocarbons . .. . Oct.,780 
Spherical Catalysts. ..... . .Sept.,701 
Sulfuric Acid Alkylation. .... rome 
Transformer Oils... + - Nov. ,870 
Treating and Desulfurizing Otis with 

Boron Fluoride Hydrate .... . May, 379 

UOP Process for Triptane by penetiiyiatfon 
of Isooctane .... Aug .,620 
Viscosity Index Improvers” of Butadiene 
Rubber Copolymer ....... » AUg.,622 
Woes BilleF. sc ceceeseccvece May, 380 
Wood Preserving Oils es - Nov.,869 
Perco Cycloversion, for the gmail “Refiner; 

V. W. Daniels and M. W. Conn.. . May, 391 
Personnel: (see Employee Relations) | 
Petrochemicals: 

Chemical Industry Looks to Petroleum for 

Many Plastics Raw Materials(Ed). Apr.,320 

Chemicals from Petroleum Reach — 

Levels in 1946 (T)... 7254 

Chemicals from Petroleum (PT). ; a" * Oot. Tee 
Chemical Products of Synthine Plant 


Revealed (T) . Oct. ,738 
Hydrogen Cyanide trom “carbon Monoxide 

and Ammonia (T). - » Aug.,576 
Industry Speeds Production of “Petroleum 

Chemicals (T). . « «cee - Mar.,171 
Petroleum Chemical Activity Is Unabated 

as Me es se oe eee Ss Oct. ,739 
Petroleum “Chemicals—-Threat or Promise? 

wis #0 © 646 4+ H&S Oe 8 -Sept.,655 


Petroleum Steps Into Breach as Supply 
Source for Critical Chemicals; J. 
Oostermeyer. ....... - « Sept.,651 

Plastic Makers Look to Petroleum Chemicals 
for Raw Materials; B. H. Weil. . Mar.,215 

Stanolind Will Market Hydrocol Chemicals 


_. SRR Ceaser megnags . Sept. ,656 
Petroleos Mexicanos: (see Foreign 
Deve lopments ) 
Photography: 
Darkroom Sink (WN) . - « » Aug.,627 
P eeeeeenes Equipment (WN) . « « « Oct.3791 
pH 
pH Recorder . o 0 0 0 oo o MOV 8S 
PH Recorder (WN) ...... + « « Dec.,964 


Portable pH Meter (WN)... . . . Nov.,877 


Physical Properties of Hydrocarbons: 
Faraday Encyclopedia, Vol. II Covers 
Cg and Compounds (BR) . . . .Sept.,713 
Fourth in rocarbon Physical Constants 
Series Published (BR). ... . . Apr.,316 
Hydrocarbon Enthalpies (WN). . . . Nov.,879 
Pilot Plants, “Kitten"Cracker Works Out 
Diet for Commercial Fluid Units.July, 518 
Pipe: 
Flange Spreaders Simplify Job of Main-~ 
tainihg Refinery Piping (PP).. . Nov.,831 
High Temperature Pipe Cost Reduced Using 
Both Alloy and Carbon Steels (EP) 
+ + sSept.,704 
Importance of "Plexible Pipe “supports; 
E. W. Stothart ... July, 529 
Need for Template Eliminated by "notned’ 
for Welding Pipe (EP - Aug.,624 
New Fitting Design Simplifies Replacing’ 
Damaged Pipe Section (EP)... . Oct.,784 


Saran-lined Pipe - Oct.,785 

Several New Standards in 1946 — Piping 
iain: & }: aes - May, 399 

Vinyl-lined Pipe (WN). ..... - Dec. ,963 


Pipelines: 
Carriage Reduces Damage in Pipe Line 
Filter Removal (EP). . - May, 382 


Mechanized Accounting Streamlines “Pipe 
Line Concern’s' Paper Work. . . . Jan., 49 
Pipeline Corrosion rere (PT) 
+ + « « ssept.,702 
Photometer, "X-ray" (WN) : oe 0 0 0 « 6 Ote,787 
Plant Capacities: 
High Wartime Plant rating Rate Now 
onsidered Normal (Ed)... . . Jan., 80 
New Pattern for Refinery Operati ons 
CM) wcrc cc ccc oo oo o MY, 400 
Plant Practices: 
— Cuts Washing Time on Mud-Drum 
ee a - « «-Dec.,917 
Air “and Water Scrubbing “Treatment Effec- 
tively Cleans Fractionators; Ray 
Bi@. « « 0 ot - Jan., 22 
Automatic Purifier tor Absorber “011 
Adapted from Commercial 011 Heater 
hese ecu - « « Jan.,.17 
Back Injuries Drop When “*Loute the 
Lifter® Puts ona Show. .... Aug. ,578 
Bushing Inserts Save Time and Materials’ 
in Large Valve Yoke — Repairs 
oe tee ae 2 4. «Pees OD 
Carry More Tools to “Job” on Handy Carrier 
Built on Discarded Oil Purifier 
Dolly. ... 2 © eo © 6 6 ce duly, 528 
Clay Levels in Hoppers Shown Instantly 
and Controlled by Electrical Instru- 
ments; Alfred Krieg. .... . . Aug.,580 
Clean Out Condenser Stacks in 8 Hours 
with Low Labor Cost at Sun. Refinery 
- + « Nov.,8&30 
Continuous Inspection “Record Form Helps 
Minimize Forced Shutdowns in Refinery 
a ako ak ee . Jan., 18 
Cut *Repacking Frequency 66% on Refinery’s 
Acid Sludge Pumps. ...... July, 526 
Develop Rapid Checking Method for Infra 
Red Spectrometers. .. - « « Nov.,&0 
Distribution System for Werding Current 
Helps to Keep Floor Clear of Cables; 
Vernon Starr ....... - June, 418 
Drain Petcocks on Explosion-Proof Motors 
Are Not Good app Readers 
Report... - « « May, 352 
Drain Petcocks on “Motor” Casing c ut 
Failures from Dampness,;.... . Jan.,17 
Filter Eliminates Plugged Lines in Pilot 
Plant Cat Cracker. ...... . May, 351 
Flange Spreaders Simplify Job of Main- 
taining Refinery Piping. . .. . Nov.,&1 
Floating Pumphouse in River Channel 
Supplies Refinery With Cooling 
is a eb aie ow 8 « « « eSept.,657 
Foot~Operated Vise Saves Time, Prevents 
Spills in Fire Extinguisher *Re~ 
GIPOIEE « ¢ « oe 6a sd? 8 Feb., 98 
Four Workmen Can Obtain Breathable. Air 
from Single Home~Made Portable Blower 
+s 6 6.8 «¢ Re b 88 - « « « eduly, 526 
Gasket-Cutting Time Reduced About 80% 
with Special Tool Used on Drill 
Press. . . 2 « oe we oo - « -June, 418 
Hydraulic Controls Used for “Plow Rate and 
Liquid Level in Cooling Tower Sump; 


SitveG Tries «wt etc -June, 419 
Knock-Out Traps Prevent Loss of “Costly 
Instrument Mercury... - July, 528 


Liquid Level Recorder Design Minimizes 
Difficulties in ‘ewer Unit ee 
Alfred Krieg. : . . . May, 351 

Loading Platform Efficiency Increased 
with Installation of a 

Jan., 20 


Pumps ° 
Machine “tor “Cleaning Rust, Sediment from 

Tank Bottoms Built for $25... . Jan., 22 
Maintenance Men Lick Lumber Shortage, 

Build Movable Scaffold from Scrap 

Pipe . « «© « « NOW.,829 
Mechanical Device Gives “accurate Results 

in Measuring Clay Thruput from TCC 

Kiln; Alfred Krieg ...... July 
Mercury Seal Facilitates Measurement of 

Molten Salt Flow in Catalytic Crackers; 

Beewee MOOR sc co tc tt eh 8 . Mar. ,179 
More Floor Space and Simplified “Piping 

Results from Mounting Pumps on 

PORUBe oc ose e peeves - Apr.,257 
011 Changes on Big Engines Made “masy 

With Shop-Built Portable Pumping 

| 3a - Oct.,744 
011-Filled Valve Trap Mitigates “Corrosion 

on Furfural Solvent Lube Refining 

wks @ «4 %.0 - « « « Dec.,913 
Plant-Built Equipment “Grades Catalyst 

On California Polymerization Unit 

0.0 © © © © © 6 0 © 0 2 cco oUUM, 417 

Portable Scaffolds Speed Up ntenance' 

nn nt ge Insulation of rhead 

Equipment. .... - Oct.,741 
Pressure on Fuel 0il Line “controliea 

borhan gta Air-operated Fluid Drive Unit; 

Alfred Krieg ...... - Nov. ,831 
Pressure~Operated Switch Simplifies Remote 

Control of Loading Rack Pumps. . Apr.,259 
Proper Use of Steam Reduces High Tem- 

perature in Preheater. . .. . . Feb.,100 
Reduce: Pump Packing Repairs by Babbitt 

Lining in Glands; J. W. May. . . Aug., 
Reduce Repairs to Acid Pump When Using 

Seal-Oil as Purge. ..... . ~ Oct.,744 
Refinery Machine Shop Reduces Down-Time 

in Repairs on Fire-Damaged Furnace 

BR oc ee ee -Sept . ,658 
Bemove Part of Threads to “stop Seizure on- 

HF Plug Valve Stems. .... . July, 527 
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Plant Practices--Continued 


Remove Troublesome Sulfides and Water 
from Unstabilized Natural Gasolines 
. i 6 ee eo . « Feb., 97 


Rigging yaeeinn tue Painters’ Steges 
Will Eliminate Swaying and Prevent 
Palle. « « « « - « « « Apr.,258 
Save 28 Man-hours Dismantling Time by 
meres = Method for Cleaning 
Exchange ee o Mr.,l170 
Save Soe 1 in > measeaennse “Labor by Change 
in Exchanger Bolts ..... . . Dec.,913 
Save 360 Hours of Labor Costs by 
Improved Valve Plug Repair . . .Sept.,661 
700 Pipe Flanges per Month Are Salvaged 
on Beveling Machine Built from Scrap; 
Vernon Starr. . . « Dec.,918 
Shop-Built Material—Handl ing Buggies Are 
Versatile Helpers. . - « May, 352 
Shop Workbench Is Mobile but Rugged; 
George D. Rhoads... - Nov.,8&0 
Simple Extension on Weld Shield “stops Arc 
Glare from High Jobs... ... . Mar.,178 
Simple Shaft Straightener Frees Lathes 
for Other Refinery —s George 
Cunningham ..... - « . cept. ,661 
Speed Up Dismantling of “Heat Exchangers 
Through Use of Longer Type Flange 
oi - Oct.,744 
Steam Connections Reduce Explosion A ~ 
J. Aw Guyer. « - © se wee eee or sbe 
Steam Hose Connection “Permits xe 
Gas Burner Cleaning Without Shut- 
down . « « « e « e e Febd.,100 
Store and Tool Rooms a “Wheels Save Time 
and Paper Work in Refinery Turn- 
ee - Aug.,577 
*Straddle® Support among Improvements in 
Huge Refinery Blowdown Vapor Stack 
Wey Te Tae eo ee - Dec.,914 
Sturdy Carriage to Hold Work in Alignment 
aeeeceanaben Operation of Power Hacksaw 
a ae eo e « « Ot.,743 
Temperature “of Feedwater for Desalter 
Controlled with Steam Pressure 
Regulator. ... + © « « « Feb.,100 
Thermocouple Actuates “waste Gas Torch 
Ignitor When Pilot Flame Fails; 
Alfred Krieg ..... - Apr.,258 
Tool Cuts Time 89% in Removal of Collector 
Channel Supports .... - - -Sept.,658 
Tower Lining Method Reduces ‘Rivet 
Head Corrosion and Cuts Welding 
Requirements . . . . . «+. «-. - Mar.,178 
Uniform Gaskets Can Be Cut Quickly and 
Accurately from Vinylite Plastic 
Tubing; A. B. Kourt. ..... . May, 350 
Use Motor Scooters to Get around Spraw- 
ling Refinery at Wood River. . . Dec.,914 
Water Pool Stops Welding Heat Distortion 
of Heavy Cover Plate for Exchanger; 
Jim WAlIOR 0 ow ew Cee ee » - cept.,658 
Water System Instrumentation Costs Cut 
by Use of Differences in Line 
MUNI cc ee eevee eese Oct .,743 


Plants Described: 


Aurora Gasoline Co., Detroit (Cut Costs 
on New 3000 b/d Fluid "Cracker" by Using 
Unified Reactor+Regenerator; William F. 
rare + 6 s ree 

Cooperative Refinery Assn., Coffeyville, 
Kan.,(New Furfural Solvent Lube Plant; 
Louis C. Brown and Claud F. eae 

4.02284 at & 2.4 eee July, 492 

General Petroleum Corp. (Delayed “Coking 
Unit Processes Residuum into Gas 0il 
Charge for TCC Unit; Randal Maass and 


R. E. Lauterbach). o « GR. 
Gulf 011 Corp., Philadelphia (Turnaround 
Technique) ..... - « Aug.,569 


Humble Oil & Refining Co., Baytown, Tex. 
("Kitten” Cracker Works Out Diet for 
Commercial Fluid Units). .... July, 518 

Humble O11 & Refining Co., Clear Lake. and 
ae plants (Extraction Plants Re- 
Place (.s Flares). e « « Nov. 867 

Leonard Refineries, Inc., “alma, Mich. 

(8000 b/d Refinery Converts Thermal 
Unit to Catalytic Cracking for $200~ 
250/Bb1.; William F. Bland). . .Jume, 411 

Lion 011 G6., El Dorado, Ark. (improved 
Design Features Used’ in Lion’s 4500 b/d 
TUS Weithe « + oo ec « « « DeC.,920 

Monsanto Chemical €o., Texas City 
(Ethylene Purification by Absorption; 
Ludwig Kniel and W. H. Slager) . Oct.,769 

Petroleos Mexicanos, Atzeapotzaleo, M Mexico 
(Product Flexibility, Low Fuel 
sumption Feature Modernized ae 
Refinery; Rafael Ortiz Mena, S. A. 
Guerrieri and D. W. Wilson). . . May, 334 

South Coles Levee Cycling Plant, Calif. 
(New Cycling Plant) (WN) ... . May, 389 

Texas Co., Casper, Wyo. (Spent Catalyst 
Stripper Separate from Reactor in New 
Fluid *Cracker*) PPPs Oe | 

Tide Water Associated “oil Co., Avon, 

Calif. (Fluid Cracker Charges Heavy 
Distillate in Postwar Motor Gasoline 
COOPORIOR) 2 + « ew ees oe « Re, 6 

Warren Petroleum Corp., Holliday, Texas 
(Water Scarce--Natural Gasoline Plant 
Uses Air for 80% of Required Cooling, 

D. P. Thornton, Jr.) .... . . Jan., 52 


Plastics: 


Analyzes Plastics Industry in Terms of 
Economic Values (BR) . e « MA. 

New Book a adie in Plastics informat{on 
(T). . it ee ees June, 410 


Plastics--Continued 


Plastics Makers Look to Petroleum 
Chemicals for Raw Materials; B. H. 
Weil . - Mar.,215 
Vinyl Plastics Face “Rapidly Expanding 
Market (T) . « 2 2 0 0 0 0 0 © © FODe, & 
Polyforming: 
Correlation of Operating Variables in the 
Naphtha Polyform Process; Joel H. 
ain P. Ostergaard and W. C, = 


- « Jan., 61 
Gas 011 “polyfomming; We C. Offutt, P 
Ostergaard, M. C. Fogle, and H. 
Beuther. . Oct. ,753 
Gas Oil Polyforming “ofrers Interest ing 
Prospects (T). . - « Jan., 10 
Polymerization, Plant—Buiit "Equipment Grades 
Catalyst on California Polymerization 
Unit (PP). «we ce ec eo oo UM, 417 
Potentiometer, (WN). - « »« Dec.,963 
Portable Blower Four Workmen Can Obtain 
Breathable Air from Single Home-—Made 
Portable Blower (PP) .... . July, 526 
Pressure Controllers (WN) ose se oe ae 
Pressure Indicator, Me a6 «© * “Sept. , 705 
Pressure Maintenance, (WN) o oe « o Aug.,088 
Pressure Vessels, Suggestions ‘given’ for 
Fabrication of from Stainless Alloys 
a a - - Apr.,314 
Priestiey. Lectures, 1947 Priestley Talks on 
Fuel Now Available in Book Form (BR) 


>... + + oe ee oe oSCPt.,713 
Processes: 


Gas O11 nS W. C. Offutt, P. 
Ostergaard, M. C. Fogle, and H. 


Bouther. « « « eee Oct. ,753 
Gas O11 Polyforming Offers Interesting. 
Prospects (T).... oa « 2 Mimsy 10 


Importance of Aliphatics Noted in 

Groggins’ Third Edition (BR) . . Oct.,796 
Modern Manufacture of Lubricating Oils; 

E. R. Smoley and D. Fulton... Aug.,594 
Processes and Plants (WN)... . .July, 548 
Solexol Process Advances Fat and Oil 

Refining Art (T) ......-. . Jan., 10 

Production: 
API Publishes 1945 Papers on Production 

Practice (BR). Mar. ,239 
Optimum Rate Calculati ons “second in Mn gt 

duction Series (BR). .....-. ‘eb. ,154 
Petroleum Import Prospects Not PER. 

Gloomy (T) . . - « « Nov.,811 
Salvaging Commercial Minerals from Oil 

Field Brines; Robert H. Dott.. .July, 512 
Sour Crude Ratio Not Likely to Increase 

Refiners Are Told at API Meeting; 

Wiiiiem 7... Bie os « « oc s Dec. ,903 
Third Volume in Series on Oil Production 

Now Off the Press (BR)... . . Oct.,796 

Propane: 
Factors in Gasoline Plant Design for High 

Propane Recovery; R. E. Chambers 

oe oe o + © © « oept.,664 
Increasing Propane Recovery in Existing 

Gasoline Plants; D. P. Thornton, Jr. 

‘ie én he ek - « « Aug.,583 
Propane Deasphaiting, Modern Manufacture of 

| = gpa Oils, E. R. Smoley and D. 

- « « « Aug.,594 
Proper ticales valves, "speed “Blending of 
Gasoline, Eliminates Mixing Tanks at 


Pipe Line Terminal ...... «. Febd.,128 
Public Relations, (WN) ...... - Oct.,791 
Pumphouses =: 


Floating Pumphouse in River Channel 
Supplies Refinery with Cooling 
Water (PP).... . - « -Sept.,657 
Texas Plant Protects Pumphouse with 
Independent Foam System. . .. . Nov.,885 
Pumps: 
Acid or Caustic Pump (WN)... . .Sept.,705 
Centrifugal Pumps (WN)... .. .July, 548 
Centrifugal Pumps (WN) .... . . Aug.,628 
Centrifugal Pump (WN). o « « Oct., 785 
Describe Method for Determining Opt imum 
Time for papagmpneriens Centrifugal 
Pumps. . . oe © © oc « Apreydl4 
Gearless Pump * (WN) 2.8 ¢ 0. + « eee 
Loading Platform Efficiency Increased 
with Installation of Centrifugal 
See CI) os so oe * 88 - - Jan., 20 
More Floor Space and Simplified Piping 
Results from Mounting Pumps on Posts 
(PP ce, ek eo ae ie gee 
Portable Pump (WN) . . -June, 465 
Pressure-Operated Switeh Simplifies Remote 
Control of Loading Rack Pumps 
7 “7 Apr . ,259 
Reduce Repairs to “acid Pump “When 
Using Seal-Oil as Purge (PP) . Oct.,744 
Rotary Pump (WN) . . Nov.,875 
=e Vanes Are Eliminated in Improved 
Rotary Pumps (EP). ..... . .Sept.,704 
Stuffingboxless Pump fn: o 0 6 « MVegett 
Stuffingboxless Pump (WN)... . . Dec.,961 
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Pump Packing: 
Cut Repacking Frequency 66% on Refinery’s 


Acid Sludge Pumps(PP . July, 526 
Pump Packing Made of Talc “Resists Hydro~ 
fluoric Acid (PT). . May, 379 


Reduce Pump Packing Repairs by babpite’ 
a in Glands; J. W. May (PP) 
- » Aug.,580 
Purifier, “automatic, tor Absorber 011 
Adapted from Commercial O11 Heater 
OCs Fee e ha pens © 6 «eg OF 


noone Oe Organic: 
1 Organic ee Covered in New ay 
on Analysis (BR)... - » duly, 558 
Second in Organic Analytical Reagent 
Series off the Press (BR). . . .Sept.,714 
Third in Organic Analytical Reagent 
Series off the Press (BR). . . . Dec.,975 
Refinery weg Disposal: (see Waste 


Refining Capacities, Peacetime Demands 
Threaten to Overflow (T) ... » Apr.,253 
Regeneration, Photo Cells Used in Controller 
for Catalyst Regeneration Unit (EP) 

eo ee eee ee ee oe wo o © une, 462 


Reproduction,Simple Business System 
=r aaa Sept. ,709 
Research. ‘ana Deve lopment : 
A Politician Has the Final Word on 
Science Foundation--And Says It 
Ma) s « @ ° . « eSept.,720 
Again Issue of Control of Science Founda- 
tion Is Before Congress (Ed) . . Mar.,240 
Another Company Program ARE Con- 
tributions of Research Staffs (Ed) 
i Oh cide. (hie Mca aan eater - Mar.,240 
Bureau of Mines Asks $30,000, 000 more for 
Synthetic Liquid Fuels *Research; William 
F. Bland and William C. Uhl. . . Feb., 85 
Colleges Make Varied Charges for 
Industrial Research (T). ... . Mar.,171 
Co-ordination of Motive, Men and Money 
in Industrial Research (HT). . . Feb.,155 
Fuel Research by Mass Production — > 
an., 5 
Government Research | on Synthine "Process 
be - Mar.,172 
Is $30, 000, 000 More Needed for the Liquid 
Fuels Program? (Ed). ... ... July, 560 
It Rests with the 011 Companies to Develop 
Synthetic Fuels (Ed)-..... . Dec.,976 
Men, Motive ‘ Money: in Industrial 
Research (T) . . «.. «eee - Mar.,171 
New British oh “Book Surveys Present 
Status of Technology (BR). . . . Mar.,239 
Private Enterprise Leads in Research 
ee ree . May, 327 
Scientific Research and Development Is 
Multi-Billion Dollar Business (Ed) 
rae - Apr.,320 
Shall “Government Permanently Engage In 
Liquid Fuels Research? (Ed). . . Feb.,160 
Road Tests, — Practical; W. C. Uhl 
Ter 2 Se eS ee ee Aug. ,593 
Rotameter, Double Float, Provides Cont inuous 
Viscosity Measurement (EP) . . . Nov.,872 
Rubber : (See Synthetic Rubber 
Rubber Extenders, (PT) ...... . Jan., 25 


Safety: 
Airplane Crash Fire Fighter Is Adaptable 
to Running 011 Fires (EP). . . . Apr.,272 
Automatic Fire Extinguisher Uses — 
Tetrachloride (EP).. 384 
Back Injuries Dro; When "Loute the Lirtess 
Puts on a Show (PP). ..... . Aug.,578 
Carbon Monoxide Tester (WN). . . . Oct.,785 
Color Code for Piping Identifications 
Aids in Training Refinery wee 


William C. Uhl... Mar.,210 
Density Difference Operates “Low “Water 
Alarm for Boiler (EP)...... Feb.,112 


Electrical Division Contributes to 
Utopia’s Safety Record; Frank J. 
a eae - - « Apr.,262 

Emergency Escape Mask (WN) +» « June, 467 

Even Utopia Takes No Chances When It Comes 
to Plant Fires; Frank J. Sluze.Sept.,662 

Eye Wash Fountain (WN) ..... . May, *387 

First Aid Cards (WN) ...... .June, 467 

Foot-Operated Vise Saves Time, Prevents 
— in Fire Extinguisher Recharging 

r o « © © « Febd., 98 

Fundamental Requirements for Arrangement 
of Drains and Vents in Processing 
Units. . +. « eJuly, 504 

It’s a Hardy Fire That Could Even Start 
in Utopia Plant; Frank J. Sluze. Nov.,8&32 

MEK Flammability Limits (WN) . . . Nov.,879 

Multipoint Alarm Cabinet (WN). . . May, 385 

New Rescue Harness Simplifies Removal of 
Workmen from Tanks (EP). ... . Mar.,189 

No Welding Injuries or Fires at world’s’ 
Safest Refinery; Frank J. Sluze. Feb.,104 

Report Observations of Effects of Fire 
and Atomic Bombings (BR)... . Jan., 79 

Results of "What’s Wrong?” Contest 

PQ ree err Oct. ,746 

Rigging Technique for “Painters?’ Stages 

Pakie Eliminate Saye and oy * 


PP) . r.,258 
Steam Connections “Reduce Explosion jasate, 
J. A. Guyer (PP) ...... . duly, 528 


Strict Tests Precede Each Utopian. Tank 
Cleaning Job; Frank J. Sluze . . May, 353 
Thermocouple Actuates Waste Gas Torch 
Ignitor When Pilot Flame Fails; 
Alfred Krieg (PP). ...... . Apr.,258 
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Safety--Continued 
Toxicity Analyzer (WN) . . - Nov.,875 
Two-Coil Fire Thermostat Uses “calivratiae 

Adjustment (EP). ....... . Jan., 27 
Utopia--No Refinery Fires No Lost-T ime 

Accidents; F. J. Sluze.... . Jdan., 3 
Utopia Refinery Pipefitters Never Injured 

on the Job; Frank J. Sluze.... . Mar.,180 
What ’s Wrong” in this Picture?. . . Aug.,561 

Sanding, Machine fw: occ ce 0 « me, 

Saran- ined Pipe (WN). . . « « « « « OCt.,78 

Scaffoids: 

Maintenance Men Lick Lumber Shortage, 
Build Movable Scaffold from Scrap 
Pipe (PP). . e © 0 « « MOV.,829 
Portable Scaffolds Speed Up Maintenance, 
Inspection, Insulation of Overhead ’ 
Equipment trp) s e « Gct.,741 
Science Foundation Bill: A Politician Has 
the Final Word on Science Foundation-- 
And Says It (Ed) ...... . .Sept.,720 
Scooters, Use Motor Scooters to Get around 
Sprawling Refinery at Wood River 
(PP eo * . « Dec.,914 
Shaft Seal, Ease of “Assembly, “Efficiency 
Are Features of (EP)... . . «+ Feb.,110 
Shaft Straightener, Frees Lathes for Other 
oatyeers re George Cunningham 
PP 


- « esept.,658 
Shale Oil: (See “synthetic “Fuels and 
Lubricants ) 
Silicone Oils, (WN). . o « », Oct. 700 


Silt, Inexpensive Aeration Tanks Handle 
Disposal Problem .....-s - Febd.,102 
Slide Rule: 
Automatic Locator Is Developed for 
Slide Rule Decimal Points (EP) . Nov.,872 
Slide Rule (WN). .... - « - eJduly, 546 
Slide Rules (WN) . « « « « cept.,709 
Sludge ore Reagent eee 
(Pr). . . Dec.,958 
SMO Process, Book | on, “Reveals Holland’s 
Wartime Research (BR). ... . . Oct.,796 
Societies: (See Specific Ones) 
Society of Automotive Engineers: 
Better Fuel Economy for Tomorrow’s Cars 
Through Surer Control of Knocking 
e « « Feb., 90 
Modern Metals “Make the Steam Engine 
Feasible for Automobiles, SAE Told; 
William C. Uhl. . oecee « Mee 8 
Solexol Process: 
Prescription for Glycerides (HT) . Apr.,317 
Solexol Process Advances Fat and 4 O11 
Refining Art (T) . . - . Jan., 10 
Solutizer Process: New Solutizer Unit Has 
Unique Features for Disulfide Removal 
and Regeneration... - - « - Dec.,965 
Solvent Refining: Modern Manufacture of 
Lubricating we E. R. Smoley and D. 
Fulton... ° o « © « « Aug.,504 
Solvents: 
Converted Topping Unit Makes Close-Cut 
Naphthas and Solvents from Gasoline 


Mar.,191 
Petroleum "Solvents Used in O1lseed 
Extraction (T).... o « « « Oct.,738 
Sour Crude: 


Sour Crude Ratio Not Likely to Increase 
Refiners Are Told at API Meeting; 


William F. Bland... - Dec. ,90 
Sour er epee Protection; 
E. Q. Camp. - Dec. ,967 


Where Does the Sulfur "G0?; M. 2 Fowle 
and R. D. Bent. . - « »« Dec.,935 
Specifications, (See also “standards): 
ASTM Issues 1946 Index on Standard 
Specifications (BR). . Sept.,713 
Latest Edition of ASTM Standards Includes 
New Specifications (BR)... . . Mar.,239 
Several New Standards in 1946 ASTM Piping 
Specifications (BR). i - « May, 399 
Specific Gravity Tester, (WN)... . May, 388 
Spectrometers: 
Develop Rapid Checking Method for Infra 


Red Spectrometers (PP)... . . Nov.,8&0 
Mass Spectrometer (WN) .... . . Nov.,879 
Spectroscopy, Absorption, Special Applica- 
tions of; F. W. Crawford and C. K. 
Buell. . « « o 0 0 © © c « DOC.,925 
Speed increaser, (ia). 6. oe -July, 546 
Stacks: 


Clean Out Condenser Stacks in 8 Hours 
with Low Labor Cost at Sun Refinery 
(PP) . e © © « « MOV.,880 
"straddle" Support among Improvements 
in Huge Refinery Blowdown Vapor Stack; 
John C. Albright (PP). .... . Dec.,914 
Staimiess Steel: 
Insulation, Heat Exchangers, Furnace Tubes 
Discussed by Mechanical Engineers 
- » « Nov.,880 


Stainless Cas tings (wn). e 2 0 0 0 6 MVegett 
Stainless—clad Steels(WN). . .. . Oct.,790 
Stainless Fittings (WN). .... . Oct.,790 
Stainless Steel (WN) oc 0 ce co c « Mie 


Suggestions Given for Fabrication of 
Pressure Vessels from Stainless Alloys 
- « « Apr.,3l4 
Weathering Effects on “Stainless Covered 
in ASTM Symposium (BR) ... . .Sept.,714 
Standards, (See Also Spessrsentonneys 


ASA Standards (WN). . ° Oct.,791 
Institute of Petroleum issues” Latest 
Edition on Methods (BR). - . July, 558 


NEMA Issues Second Revision. on Motor and 
Generator Standards (BR) .. . .Sept.,714 

Resistance Standards (WN)... . .Sept.,711 

Temper Designations (WN)... . . Oct.,79] 


Static Electricity Indicator, (WN) . May, 386 
Statistics: 
Bureau of Mines Publishes 1945 Minerals 
Yearbook (BR). . Oct. ,796 
Government Issues Chemical Statistics 
Directory for 1945 . » « « « « Nov.,812 
New Almanac Is Statistical Record of 
Petroleum Industry (BR)... . . Jan., 79 
Technical Data Available Now on Allyl 
Alcohol (T)... - « Aug.,575 
Use of Statistics Explained for Engineers 
in New Book (BR) . - .sept.,713 
— Proper Use of Reduces High Tempera-— 
ture in Preheater (PP) .... . Feb.,100 
Steam Cieaner, (WN). - . July, 546 
Steam Autos, Again Possibility; W. wn 
Wie meee eee eee oe eo + Mowe 
ote Regulators, Temperature of neal 
for Desalter Controlled with (PP) 
gre aera ety 
Steam Traps: 
Cast-Steel Trap (WN) .... . . .Sept.,705 
Steam Specialties (WN) . ... . . Nov.,879 
Steam Trap Maintenance (WN). .. . May, 389 
Steel: . 
Clad Steels (WN) . - « Dec.,964 
Corrosion-Resistant “steel * (uN) - » May, 389 
Steel Plate Shapes (WN). ... . .Sept.,709 
Stirrer, Laboratory (WN)... . . .Jume, 465 
Storage Tanks (See Tanks): 
Strainers, (WI)... ice ccc ce duly, S68 
Sulfur: 
Lube Oils May Be Tailored to Offset 
Effects of Sulfur in Diesel Fuels 
« « Feb., 94 
Where Does the Sulfur “G02; M. J. Fowle 
and.R. D. Bent. . - Dec.,935 
Superfractionating, Base Stocks “tor” 100- 
Octane Gasoline. ... 2 « « Feb.,136 
Suspensoid Catalytic Cracking: 
High-Octane Gasolines by Suspensoid 
Cracking with Synthetic Catalyst 


- « « Dec.,929 
Suspensoid Catalytic Cracking3 Robert L. 
PUWER 2 2 6 e May, 328 


Sweetening: New Solutizer “Unit Has Unique 
Features for Disulfide Removal and 
Regeneration. ...... « « « Dec.,965 

Synthesis Gas: 

Synthesis Gas from Solid rerigrg William 
F. Bland... - « Oct.,7%l 
Synthesis of Hydrocarbons | from Gas as 
Projected for Stanolind Plant; George 
Roberts, Jr. . . + « « « « Dec.,905 
Synthetic Fuels and Lubricants: 
A Lot of Dirt to Scratch Up (Ed) . Nov.,888 
Bureau of Mines Asks $30,000,000 more for 
Synthetic Liquid Fuels Research; William 
F. Bland and William C. Uhl. . . Feb., 85 
Desperate Japs Tried to Make *avgas" 
Even from Pine Tree Roots, Needles; 
D. P. Thornton, Jr... - . Nov.,815 
European Shale-Treat ing Practice Described 
.. os ° - Jan., 9 
Is $30,000, 000 More "Needed for the Liquid 
Fuels Program? (Bd). . - « « © eduly, 560 
It Rests with the 011 Companies to Develop 
Synthetic Fuels (Ed)... - Dec.,976 
Modern Manufacture of Lubricating “Otls;” 
E. R. Smoley and D. Fulton. . . Aug.,594 
More Economic Data on Synthetic Piels” 
Available (T)..... e « « Dec.,899 
011 Company Synthetic Fuels “and Lubes 
Show Good Records in Navy Tests 
Jan., 37 
Private “Enterprise Leads in "Research 


- May 
Processing Coal” into Liquid “Products May 
Be Practicable in a Few Years; William 
FP. Bieme « oo 0 eo - May, 325 
Processes for Hydrocarbon synthesis trom 
Natural Gas Show Much Economic Promise 
- « « » Apr.,3l2 
Production of synthetic “Lubricating 0118 
by Hydrogenation patents George G. 
Pritzker ..... - « » Mar.,205 
Production of Synthetic Lubricating Oils 
by the Voltolization Processes; 
George G. Pritzker ...... . Apr.,291 
Shall Government Permanently Engage in 
Liquid Fuels Research? (Ed). . . Feb.,160 
Synthesis Gas from Solid Fuels; Willi tam’ 
F. Bland e cco « « Ot.,75l 
Synthesis of Hydrocarbons from Gas as 
Projected for Stanolind Plant; George 
Roberts, Jr... - Dec. , 905 
Synthetic’ Lubricants Fleet Tests on Long- 
Me Dieses esesnc cs oe, 
Synthetic Rubber: 
Discusses Synthetic Rubber’s Part in 


National Economy (BR). ° o ¢ My, 200 
Our Third Report to Industry on “simplex 
Synthetic Rubber (HT). Jan., 79 


Synthetic Rubber Faces Uncertain Future’ 
T - « « Febd., 88 
synthetic “Rubber tran Butadiene Is Subject 
of "Butalastics" Book (BR) . . . Apr.,316 
Viscosity Index Improvers of Butadiene 
Rubber Copolymer (PT). ... . . Aug.,622 
Synthine Process; (see Fischer-Tropsch 
Process) 


Taft-Hartley Act: 
Effect of Taft-Hartley Act on Refinery 
Labor Relationships, C. H. Metz, Jr. 


- « « Aug.,567 
Professional Men Have “their” Own Voice 


Under the Taft-Hartley Labor Act (Ed) 
eoececececcec es co « cefte, m0 





Tanks: 
Build Concrete Tank in 8 Hours by Use of 
Inflated Bag Forms (EP). . .. . Mar.,187 
Floating Roofs (WN)... - « Oct.,789 
Improved Tank Vent Combines "Mechanical 
and Liquid Seals (EP)... .. « APr.,271 
Increased Life of Lead-Lined Tanks by 
Revised Method of Fastening (EP) 
eceeesecsce 0 2 2 0 tte 
Machine for Cleaning Rust, Sediment from 
Tank Bottoms Built for $25 (PP) 
2° © e © « « Jan, 22 
Proper Operation and Maintenance Insures 
Full Advantages of Floating Roof Tanks; 
Fred L. Goldsby and C. M. Orr. . Mar.,199 
Storage Tanks (WN) ...... . .June, "468 
Strict Tests Precede Each Utopian’ Tark’ 
Cleaning Job; Frank J. Sluze . . May, 353 
Tank and Vessel Lining (WN). ... Oct”, 790 
fank Roof Permits Fast Drainage and Cuts 
Corrosion on Underside (EP). . . Oct.,764 
TCC: (see Thermofor Catalytic Cracking) 
Technical Societies: (see individual soci- 
eties and associations 
Temperature Indicator (WN) eo ce « « May, 368 
Tests, (see also Analysis 
Can Catalyst Testing Methods Be Developed 
for Refiners’ Use? (Ed). . . . . Nov.,888 
Chemical and Physical Properties of 
Alumina-Molybdenum Oxide Catalysts 
for Hydroforming; Glenn M. Webb, M. A. 
Smith and C, H. Ehrhardt ... . Nov.,834 
Develops Practical Road Tests; W. C. uni 
Aug. ,593 
Exper inental Fuel “Blending; "H. Cc. “Walters 
- -Sept.,685 
Institute “ot Petroleum Issues “Latest 
Edition on Methods (BR)... . .July, 558 
011 Company Synthetic Fuels and Lubes 
Show Good Records in Navy Tests 
$F 689896686 oe so 6 Oe 
Petroleum Company Road Tests Its Gasoline 
Indoors (T).... - Apr.,255 
Science Replacing Witchcraft in “Engine 
and Fuel Testing (Ed). . ... » Feb.,160 
Symposium on Bearing Tests Given in New 
ASTM Booklet (BR). . . . « « « « Apr.,316 
Tests on Cracking Catalysts Used in 
Control of Commercial Units. . . Dec.,945 


Thermal Cracking: (see Cracking, Thermal) 
Thermodynamics, New Text on Thermodynamics 
for Chemists Off the Press (BR). May, 399 


Thermofor Catalytic Cracking: 

8000 b/d Refinery Converts Thermal Unit to 
Catalytic Cracking for $200-250/Bb1.; 
William F. Bland. ..... . dune, 411 

Factors in Regeneration of Synthetic Bead 
Catalysts in Thermofor weap Process 

° » Apr. ,508 

Improved Design Features Used” in Lion’ 8 
BG TOC Unit . 2 oc 0 2 0 oo 5 CeO 

Mechanical Device Gives Accurate Results 
in Measuring Clay Thruput from TCC Kiln 
Alfred Krieg Pry. acces « MH, 337 

Thread Compound, (WN). ...... - Dec.,961 


Tomorrow in Petroleum Technology: 
Another 011 Company Markets New Petroleum 
Detergent. ... oe © c « NOV.,812 
Aromatics from Petroleum Increase in 
Importance . . « - duly, 491 
Atomic Power Plants “are still a Long 
Way Off... 
Chlorinated Paraffins “are “Finding ‘amas 
Markets. . » . « - June, 409 
"Chemical Facts and. Figures® of Consider- 
able Utility... - Aug. ,575 
Chemical Products of Synthine “Plane 
Revealed .... e « Oct.,738 
Chemicals from Petroleum Reach Record 
Levels in 1946... eo « « © Apr.,254 
Colleges Make Varied Charges for Industri- 
al Research. ... - Mar.,171 
Colloidal Fuel Study Predicts “competition 
for Fuel O11... . - « Feb., 89 
Detergent Promoter Developed tor Improved 
Fabric Washing . . - « Dec,,900 
Dim Prospects for “New” mtries” in Petroleum 
Chemicals Field. . . o « « « MBe,000 
Distillation Bibliography of Value to 
Petroleum Engineers. .. . 172 
Du Pont Announces Nylon from Furfural “a 
European Shale-Treating “practice Secerincs 


. Jan. 
Experiment with underground Gasification 


of Coal. - « Feb., 
First Data on “xylidines” Is Presented 

at ACS . Oct., 739 
Gas Oil Polyforming “offers Interesting 

Prospects. . « « « - Jan., 10 
Government Issues Chemical Statistics 

Directory for 1945 , - . - Nov.,812 
Govermment Research on Synthine Process 

- Mar.,172 


Greater” Capital “expenditures Trouble 
Economists ... 
Hydroforming Providing Chemical “Inter-” 
mediates .... ecee o duly, 400 
Hydrogen Cyanide trom” Carbon Monoxide and 
Ammonia. ... - « Aug.,576 
Increased Attention Being Given Petroleum 
Information Services pr., 
Industrial Oxygen Is Attracting Increased 


Attention. .. Apr. ,255 
Industry Speeds Production of “petroleum 
Chemicals. . . . Mar.,171 


Men, Motive, and Money in” Industrial 
oe cee ot ees 0 omen 
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Tomorrow in Petroleum Technology--Continued 
More Economic Data on Synthetic Fuels 
Available... - Dec, ,899 
— Acids Pind wide Commercial 
Usage. - May, 333 
New Autos “will Have * "Postwar" “Features” 
- . duly, 491 
New “Book Fills Gap in "plastics Information 
« « « edune, 410 
New “Markets “studied” for “acrylonitrile 
e « « ecept., 655 
octane of "agricultural Motor Fuels 
Reported ... - eJune, 409 
Odd Correlation Between "Price “of Nylon’ 
and Hose . « « « oo ce ec « Apr., 204 
Office of Bibliography tor Nation Is 
Proposed ... Aug. ,575 
Over-emphasis of Octane” Numbers “stressed 


eon 


Oct., 
Peacet ime “Demands “threaten to” Overflow. + 
Refining Capacity. . ... . « « Apr.,253 
} Petroleum Chemical Activity Is Unabated 
| - « Oct.,739 
Petroleum Chemicals—Threat on Promise?’ 
« + « .Sept.,§55 
Petroleum Company Road Tests Its Gasoline 


Indoors. . « - Apr. ,255 
Petroleum Import Prospects Not Necessarily 
Gloomy . . «- e ee Nov.,8l1 


Petroleum Solvents Usea” in Otlseed 
Extraction. . eo « e « Oct., 7358 
Petroleum Synthesis” to Dominate Alcohol 
Field. . «+ « esune, 409 
Potential Benzene * Shortage Is Refiners? 
Opportunity. .. e « « cept.,655 
Public Library Establishes Research Group 
- « Dec,,900 
Quantity Market “tor “Petroleum Detergents 
- « -sept., 656 
Radiation Chemistry “ofters intriguing 
Prospects. . 
Shell Plans Production of “synthetic 


Glycerine. ... 2 aa., 9 
Solexol Process Advances Fat and 011 
Refining Art Jan., 10 
Stanolind Will Market “Hydrocol Chemicals 
-Sept., 656 
synthetic “Lubricants Fleet Tests ori Long- 
| life .. -June, 410 
Synthetic Rubber Faces Uncertain Future 
Feb., 88 
synthine Diesel "Puels “attract “continued 
Study. . « « « « e « Feb., 89 
Synthine Process By-products Given Closer 
Consideration. ... - . Aug.,576 


Technical Data Available Now on Allyl 
Alcohol. . . - « « Aug.,575 
Technical Data on “ca tarole Process 
Recently Revealed. ... - - « Nov,,812 
Term "Synthine" Replacing "Fischer- 
Tropsch" in America. . .. . . « Apr.,254 
TIPT Celebrates Third Birthday . .July, 490 
Vinyl Plastics Face Rapidly wae * 


Market... 
Vinyls Need Growing ‘Quantities of a 
eum Materials. .. o « « May, 


— Booklet Gives Data” on Properties, 
its atiei eevee wee 8 e * Nov.,811 
Tool Carrier: 
Carry More Tools to Job on Handy Carrier 
Built on Discarded 011 Purifier Dolly 
( cae eae oe as « mae, Ue 
Store and Tool Rooms aoa Wheels Save Time 
and Paper Work in Refinery Turnarounds 
ek eee eos we ee ee 
Tools: 
Pneumatic Hammer (WN). ....-. lov.,875 
Wrenches and Pliers (WN) + & ‘nae *548 
Towers: (see Cooling Towers, Fractionating 
Towers) 
Trainings 
| Modernizing of On-the-Job Training 
Programs Undertaken - API Group, 
Harry D. Kolb. .. . 2 « » Oct.,748 
Programs for On-the-Job “or raining Like 
Other Tools, Need Modernizing (£4) 
Oct., 800 
Nov., 870 


Transformer Oils, (Pr) se 
Transmitters: 
Pneumatic Transmitter in ccs « ES 
Pneumatic Transmitter (WN) . Dec, , 964 
Treating of Water: (see Water Treating) 
Treating: (see also Water Treating): 
New Solutizer Unit Has Unique Features 
for Disulfide Removal and Regeneration 
Dec,, 965 
Treating and Desulfurizing Otis “with Boron 
Fluoride Hydrate (PT). .... . May, 379 
Triptane, UOP Process for Triptane by 
Demethylation of [sooctane (PT) 
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Tubes: 

Alloy Tubing (WN). . + « eJdune, 470 
Corrosion Resistance of "276 Chrome Alloy 
Recorded High in Plant Service Tests 

e © « « Febd.,116 
Heavy “Duty Tube Cleaner’ (WN) 2 ce May, 385 
Insulation, Heat Exchangers, Furnace Tubes 
Discussed by Mechanical Engineers 
coe ee ee ee wo 0 © oc o NOV. 880 
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Novel Repair Tool Removes Dents from Thin- 
walled Metal Tubing (EP)... . Oct.,784 


Turbines: 
Maintenance Hints for General Purpose 
Turbines (HT). . . . » « « © © « APle,dl7 
Turbines iy coeeccecc cs Wee, 
Turbines “ee ee 8 July, 548 





Turnaround: 

Carefully Planned Work Schedules Aid in 
Clean-outs of Refinery Units; Jim 
Wallen... °c 0 0 o o MBT.,a26 

Store and Tool Rooms on “Wheels Save 
Time and Paper Work in Refinery 
Turnarounds (PP) . . . « « « « « Aug.,577 

Turnaround Technique . .... «. « Aug.,569 

Turnaround Technique (WN)... . . Nov.,879 


U.S, Bureau of Mines: 
A Lot of Dirt to Scratch Up (Ed) . Nov.,888 
Bureau of Mines Asks $30 
Synthetic Liquid Fuels Research; William 
F. Bland and William C. Uhl. .. Feb., 85 
Bureau of Mines Publishes 1945 Minerals 
Yearbook (BR). . . Yor = 
Government Research on Synthine Process 
(T). - « Mar.,172 
Is $30,000,000 More Needed for the Liquid 
Fuels Program? (Ba). ccc coo uy, 500 
Unions: (see Labor) 
Utopia: 
Electrical Division Contributes to 
Utopia’s Safety Record; Frank J. 
Sluze. .. . occe o o A. oe 
Even Utopia Takes “No Chances When It 
Comes to Plant Fires; Frank J. Sluze 
- . esept., 662 
It’s a Hardy Fire “That Could Even Start 
in Utopia Plant; Frank J. Sluze 
- Nov.,832 


No Welding Injuries” or Fires at World’s’ 
Safest Refinery; Frank J. Sluze 
- Feb.,104 
Strict Tests Precede Each “utopian “tank 
Cleaning Job; Frank J. Sluze . . May 
Utopia--No Refinery Fires; No Lost-tinb 
Accidents; Frank J. sluze. eee 23 
Utopia Refinery Pipefitters Never Injured 
on the Job; Frank J. Sluze . . . Mar.,180 


Vacuum Apparatus, High Vacuum (WN) . Dec.,964 
Vacuum Distillation, Modern Manufacture of 
Lubricating otis; E. R. Smoley and 
D. Fulton. . « « « © © 0 0 © « « AUG, 5M 
Valves: 
Acid Service Valve (WN). .... . Aug.,625 
Adapter Cuts Washing Time on Mud-drum 
« « « « » Dec.,917 
Butterfly "Valves | pet Oct. ,791 
Carbon Dioxide Used in Novel High-Temper- 


ature, Plug Valve (EP)... .. Mar.,189 
Check Valve a een tenves ‘June, 465 
Check Valve (WN © 0 © 0 co « « AUG. 625 
Fin-Cooled Valve (wn): oT y; 


Handwheel Control Valve (WN) ‘July, 545 

High Pressure Relief Valve (WN). . May, 387 

High Pressure Valve (WN) .... . Nov.,875 

High Temperature Valves (WN)... Oct.,791 

New Valve Will Handle Fluids at Temper- 
atures up to 26009 F, (EP) . . . Jan., 30 

Oil-filled Valve Trap Mitigates Corrosion 
on Furfural Solvent Lube apie Unit 

PP) - Dec., 913 
Non-lubricated Plug’ Valve * nj — reste | 
Packless Valves (WN) . . . « « « « Oct.,785 
Plug Gate Valve (WN) . -June, 465 
Plug Valve Repacking Simplified “with 

Hollow Stud Arrangement (EP) . . Aug.,623 
Pressure Valve (WN). . . « « « « eSept., 709 
Quick-opening Valve (WN) . ... . Nov.,877 
Remove Part of Threads to Stop Seizure on 

HF Plug Valve Stems (PP)... July, 527 
Safety Valve (WN). . 2 + » duly, 545 
Safety Valve Closes Quickly Under Surge 

of Water in Line (EP). . . . « « Feb.,110 
Save 360 Hours of Labor Costs by Improved 

Valve Plug Repair (PP) .... ,Sept.,661 
Stainless Valves and Fittings (WN) 
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Unloading Valve. (WN) . ... . « » May, 388 
Valve Chart (WN) ........ June, 468 

Valve Control (WN) . . .«. « « « « AUg.,627 
Vapor Lock, NGAA Committee Reports on Vapor 

Lock Tolerance Tests ..... July, 553 
Vent Gases: 

Extraction Plants Replace Gas Flares 
e © « « « Nov.,857 

Smokeless Burning "ot Vent Gases; A. K. 

Brumbaugh. .. «.. 0 0 eo c o Mar. 166 

Thermocouple Actuates “waste Gas Torc 

Ignitor When Pilot Flame Fails; 

Alfred Krieg (PP)... . - - Apr.,258 
vents, Fundamental Requirements for Arrange- 

ment of Drains and — in Processing 

Units. . 2. «2 . « July, 504 
Vinyls, Need ees quatities of Petroleum 

Materials (FT). 2 2 « s - May, 333 
Viscosity: 

Continuous Viscosimeter (WN) . . . Nov.,877 

Double Float Rotameter Proves Concinuous 

Viscosity Measurement (EP) . . . Nov.,872 

Viscometer (WN). ..... +. «+ « NOV.,873 
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Volatility, NGAA Committee Reports on Vapor 
Lock Tolerance Tests .... . July, 5&3 
Voltolization Processes, Production of 
Synthetic - eegeaeal Oils by; George 
G. Pritzker. ... _ - « Apr.,291 


Wartime Destruction, Report Observations of 
Effects of Fire and Atomic Bombings. 
(yp ee cece ssc een se 6 0 eo Oe, 
Waste Disposal: 
Disposal of Petroleum Refinery Wastes-- 
Storm Run-Off in Open Sewers and 
Ditches Can Be Accurately Measured by 
Weirs; W. B. Hart (article 13) . Jan., 31 
Disposal of Petroleum Refinery Wastes-- 
Disposal Needs Based on Graph Method 
for Finding ‘Run-Off to Rainfall Ratio; 
W. B. Hart (article 14)..... Feb.,131 
Disposal of Petroleum Refinery Wastes—— 
Basic Natural Law--not "Rule~of-Thumb" 
Should Apply in Sedimentation Methods; 
W. B. Hart (article 15). ... . Mar.,1% 
Disposal of Petroleum Refinery Wastes-- 
Four Factors Are Major Controls in 
Design of an Economical Oil-Water 
aes W. B. Hart (article 16) 
o © « « « Apr.,282 
Disposal of “Petroleum Ref inery Was tes-- 
Designing Primary Section and Accesse 
ories of an Effective 0il-Water 
Sapuretens W. B. Hart (article 17) 
+ » eJune, 471 
Disposal of Petroleum Refinery Wastes-- 
Secondary Section of O0il-Water Separator 
Effects Final Clean-up of Refinery 
Waste; W. B. Hart (article 18) .July, 513 
Disposal of Petroleum Refinery Wastes-- 
Modifications of Oil-Water Separators to 
Meet Specialized Demands; W. B. Hart 
(article 19) .... o « « AUg.,632 
Disposal of Petroleum Ref inery Wastes-- 
Methods for Handling Emulsions in 
Wastes; W. B. Hart (concluding article) 
« ew ea Al 
Extraction Plants "Replace “Gas Flares 
- Nov.,857 
Inexpensive “aeration Tanks Handle Disposal 
Problem. .... « © 0 « SORe,aue 
Refinery Waste Disposal “Series Now Avail- 
able in Book Form (BR) . . . « Nov. ,887 
Refinery Wastes Face Stricter Control in 
Pending Anti-Pollution Peewee 
William F. Bland. . - Mar.,165 
Salvaging Commercial Minerals” from 011 
Field Brines; Robert H. Dott . .July, 512 
Smokeless Burning of Vent Gases; A. K. 
Bremmamem. 2 0 cc eo te © Feld 
Wate: Removal, Remove Troublesome Sulfides 
and Water from Unstabilized Natural 


Gasolines (FF). . «+ «2 . Feb., 97 
Water Treating: 
Allis-Chalmers Water Conditioning 
Chemicals and Equipment (HT) . . Jan., 79 
Analytical Balance (WN)... . July, 548 


Boiler Scale Remover (WN)... . .July, 546 
Chemical Feeds for New Water Conditioner 
Electrically Operated, Centrally 


Controlled; C. E. eas «4 4 Feb. ,156 
Deaerators (WN) . +e ek oe 66 ee 
Demineralized Water (WN) . - « Dec. ,964 


Equipment and Materials for “Conditioning 
Water and Other Liquids (HT) . . Feb.,155 

Hot Process Water Softeners (HT) Apr. 317 

Water Conditioning (WN). .... ‘June, 468 


Water Softener (WN). ...... July, 546 
wahater Treatment (WN) ..... . . Nov.,879 


Decolorization of Petroleum Waxes by 
Adsorbent wee Willis A. 
Johnson. ... . Sept. 673 
Modern Manufacture of “Lubricating Oils; 
E. R. Smoley and D. Fulton . . . Aug.,594 
Obtain Nearly Pure Hydrocarbon with 
Separator for Paraffin Wax (EP). Nov.,872 


Weed Killer, Asphaltic (PT). . Mar.,186 
a 
Arc-Welding. (WN)... - Dec. ,964 


D-C Arc Welder (WN). July, 548 

Distribution System for "Welding Current 
Helps to Keep Floor Clear of Cables; 
Vernon Starr (PP). + « + June, 418 


Electrode Holder (WN). . . June, 468 
Engineering Awards (WN)... - Nov.,879 
Learning to Weld (HT). . Apr.,317 


Need for Template Eliminated by Method 

for Welding Pipe (EP)... - » Aug.,624 
No Welding Injuries or Fires at world’s 

Safest Refinery; Frank J. Sluze. Feb.,104 
Portable Weld Fume Exhauster Has Filter 

and Spark Arrestor raphe a « « « elt 
Portable Welder one eee ‘June, "468 
Portable Welder (WN - + « eJuly, 545 
Results of "What’s wrong?” Contest 


-,746 

Simple Extension on “Weld Shield ‘olen * 
Glare from High Jobs (PP). . - . Mar.,178 
Stainless Weld Fittings (WN). . . .July, 548 


Third Edition in Weld Lessons Represents 
Complete Revision (BR) ... . .Sept.,713 

Water Pool Stops Welding Heat Distortion 
of Heavy Cover Plate for Exchanger; 


Jim Wallen (PP). ...... . .Sept.,658 
Welding Electrode | oe 0 © © co MA, SEO 
Welding Electrode o © 0 © « May, 386 
Welding Handbook (WN). ... . . . June,470 
What’s Wrong in This Picture?. . . Aug.,581 


Westerm Petroleum Refiners Association, 
"Cat" Cracking : Z. -June, 425. 
Widening Horizons: (See Editorials) 
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Acid or Caustic Pump...... .Sept.,705 
Acid Service Valve ......446-s. ug. ,625 
Adjustable Workstand....... Oct. , 787 
Air CompreeSoOr . 2 ee cc eecee May, 387 
Air Velocity Meter .. ee May, 387 
Amalytical Balance... ...-+-e. July, 548 
Apron Recoating. ..... - « + sully, 548 
Boiler Feedwater Treatment ... . May, 385 
Boiler Scale Remover ......-. July, 546 
Carbon Monoxide Tester ..... . O&t., 
Cast-Steel Trap. .. «se cecec Sept. ,705 
Centrifugal Compressor ..... . Aug.,627 
Centrifugal Pump... cecccvee Oct .,785 
Gheek WAIV@. «ee cc eceeveeee June, 465 
Check Valve. .... ec eeeecee Aug. ,625 
Clamp Supports ......... duly, 545 
Control Board. . . «2 «+ 0 0 0 « Oboe, 
Cooling Tower. «es secceevee -Jaly, 546 
Coolime Tower. « « eee ee - « « Oct.,769 
Corrosion Inhibitor. ...:.. . -Sept.,707 
Corrosion-resistant Gage .... . Alg., 
Cutting O11 Additives. ..... . Nov.,873 
Cycle Controller .....+e4-. -Sept.,709 
Darkroom Sink. ...-s«<e«eves - Aug., 
BG Ope WehGeP ww cc cee oes July, 548 
Elbow Expansion Joint. ...... y, 3 
Electric Motor ....+s.s+seeee July, 545 
Electrode Holder .....++s4-6-s. June, 468 
Emergency Escape Mask. .... June, 467 
Expansion Joint. ...... - « « Dec., 963 
Eye Wash Fountain. ........ May, 387 
Feed-Water Controller. . - . » June, 
Fin-Cooled Valve ....+++e-e May, 388 
Fire Fighter ......+.. . eSept.,707 
First Aid Cards. ....«+s+e-c. -June, 467 
Flammable Gas Indicator. ... Dec., 
Plow Meter oo ew we ce ee eee Aug. ,628 
Flow Template. ...... eee Aug. ,625 
Fractionating Tray .....+.-. - May, 385 
Gas Analyzer . eee ee July, 546 
Gearleses PUMP. . . 2. se cece Coy 
Gravity Computer ......e++ee-s Sept.,707 
Grease Maker ..... co 0 « « -SOpt.,707 
Handwheel Control Valve. ... . -July, 545 
Heavy Duty Tube Cleaner. .... . May, 385 
High Pressure Relief Valve ... . May, 387 
High Pressure Valve. ......-. Nov. ,875 
Ds Vhs © © « © s © 6 & 8 . « Aug.,625 
BEBSORUEP. tc ce ew eee ee - -Sept.,705 
Instrument Air Dryer... . . . .Sept.,705 
Insulating Gasket. ...... - « May, 387 
Internal Wrench. ... . « + « « Sept.,707 
Laboratory Stirrer...-.. . June, 465 
Level Gage . . 2. 2 2 0 0 0 0 co © MWe gST7 
Linestarter. .....s-ee-. « « « Oct.,787 
Liquid Level Control ...... -June, 467 
Low Temperature Apparatus. ... . Dec.,963 
Mechanical Packing ......-s. -Sept.,709 
Mercury Switch ......-. es Aug.,; 
Multipoint Alarm Cabinet’. .... May, 385 
New Additive ....... + + « Sept.,707 
Non-lubricated Plug Valve. . . . . Nov.,873 
Nylon Filter Cloth........ Dec. ,961 
Qxygen Recorder. .. «©... ec cece Oct. ,787 
Packless Valves. ....+++es Oct. ,785 
Photoelectric Control. ... . . Sept.,707 
eee eee - » Nov. ,873 
Dron. «+e 6¢ » 6% @ so ¢ - Nov.,877 
Pape leek Glempe oe ec ee see May, 388 
Pameeee GOOG ow ce cee ees - Aug.,627 
Plug Gate Valve. ....... . .Jume, 465 
Pneumatic Control. .... + « « Sept.,709 
Pneumatic Hammer .......6-s V .,875 
Pneumatic Transmitter. e © « © « « Nov.,875 
Portable pH Meter. a + Nov.,877 
OC eee June, 465 
Portable Welder. ......2+s-s June, 468 
Portable Welder. ......2.-. -July, 545 
Potentiometer. Dec. ,963 
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Pressure Controller. ...... . Oct.,789 
Pressure Control Pilot ..... . Aug.,628 
Pressure Regulator ....... . Dec.,961 
Pressure Valve ........ . -Sept.,709 
Quick-opening Valve. ..... - + Nov., 

Ratio Controller....... » « Nov., 

Recording Titrator ...... e's. Dec. ,961 
Rotary Pump. .....-+ ++ + « Nov.,875 
Safety Valve .......... July, 545 
Sanding Machine. ......+46-s June, 468 
Saran—lined Pipe ....... - + Oct.,785 
BRIGGS MAIO wwe sec eee - . July, 

Small Air Compressor ....... May, 385 
Specific Gravity Tester. .... . May, 388 
Speed Imcreager. ... 2 s-cece-e July, 546 
Stainless Flow Meter ...... . May, 389 
Static Electricity Indicator . . . May, 386 
Steam Cleaner. .....-+.+ +. duly, 546 
Steam Hose .... e+ « « « » June, 465 
Stuffingboxless Pump 00 0 oc o BOC 0El 
Temperature Indicator. ..... . May, 388 
Tmsemmees Game « oo ce tt cle ew Nov.,873 
Thickness Gage... .. +++. « Oct.,785 
Thread Compound. ....... . »« Dec.,961 
Toxicity Analyzer. ...... + « Nov.,875 
Trusk Loader .. se ccc ee - « Dec.,963 
Turbines ..... cee eee 6.8 June, 468 
Unloading Valve. .......s2e-s May, 388 
SEs od oe « @ 4 8 - Aug.,627 
ee Oct. ,789 
Vinyl-lined Pipe ....... .-. Dec.,963 
Viscometer . . o 0 © 0 © © © © NOV.,87S 
Water Analyses erties nae May, 387 
Water Gettemer . wc csc eee ee July, 546 
Welding Electrode. ....... . May, 385 
Welding Electrode. ....... . May, 386 
Xeray Photometer........ . Oct.,787 
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MEe ee eo © © © oe of ou, 470 
are Weldines a a ea eee o «© « B8Ge, 
AGA Standards. . ... 2. ccece Oct. ,791 
Automatic Controls ...... . .Sept.,71l 
Bolts and Fasteners. ....... Sept.,711 
a. See oe ee oe eee Oct.,791 
Caustic nt. e¢# & «6 66 ¢ - May, 389 
DM » see 6 + 6 6 so May, 389 
Centrifugal Pumps. ....... July, 548 
Centrifugal Pumps. ....... : Aug. ,628 
Chemical Products. ...... . . St.,790 
Clad Steels. ...... e « « « » Dec.,964 
Cold Insulation. .......4.-. Sept .,709 
Continuous Viscosimeter. ... . . Nov., 
Control Instruments. ..... - -June, 468 
Corrosion Control. ..... + « . Aug.,629 
Corrosion-Resistant Steel. ... . May, 389 
Corrosive Service Meter. . « « » Oct.,790 
Diaphragm Motors ......... Oct.,791 
Deaeration Equipment ..... . . May, 389 
So | RR eee Sept.,711 
Demineralized Water, ....... Dec. ,964 
Electron Microscope....... -Sept.,709 
Emilsion Treaters....... - Nov.,879 
Engineering Awards .......-. lov. ,879 
Engine Lubrication. ...... - May, 389 
Expansion Joints ....... + Aug.,628 
Expansion Joints ..-. ee -Sept.,709 
Floating Roofs . . . « «+ « « « « Ot.,789 
Flow Measurement . .. .. « « « « Dec., 964 
Flow Meters. . 2... +++ +e sune, 470 
Fluid Control. . . . « « « «+ « « Nov.,879 
Fractionating Tray ...... .- June, 468 
Furnace Heat Keegy eee ce & « Ot.,791 
Gaskets. . . +... oe ee c 6 eSOpt., 709 
Gas Separator. ... o © «© © © DEC., 
High-Pressure Processes, e © « © « May, 389 
High Temperature — soasee Oct.,791 
High Vacuum. ... o 0 o c o DOC. 964 
Hydrocarbon Enthalpies eo 0 © ce « « NOV.,879 
Hydrocarbons . . . « « « « « « « « Ot.,79 
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Laboratory Apparatus 
Laboratory; Chemicals 
Manhole Covers ... 


Mee seeeeeves - Nov.,877 
Hydrogenation. .. ° ° - Aug.,629 
Industrial Chemicals . ; . - Nov.,879 
Injectors and Gages. . ° Oct., 790 
Instrument Chart ....-. July, 548 
Instrumentations ... June, 468 
Instruments. . . .«-. -Sept., 709 
Knock Testing. . ... C., 964 


Mass Spectrometer. .. 879 
MEK Flammability Limits Nov.,879 
Metallurgy Guide... May, 389 
Molecular Distillation Aug.,629 
Neoprene Hose. . « « « June, 470 
New Cycling Plant. .. - May, 389 
Nitrosyl Chloride. .. -June, 468 
Organic Chemicals. .. eJune, 470 
Organic Chemicals. .. - Oct.,791 
Oxygen Recorder. ... - Nov.,879 
Photographic Equipment Oct.,791 
pH Recorder. . ...- Dec., 964 


Pneumatic Controllers, 
Pneumatic Transmitter. 
Pressure Controllers 
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Pressure Maintenance . Aug. , 628 
Processes and Plants . July, 548 
Public Relations ... - Oct.,791 
Quality Control. ... . 

Recording Gages. ... - Oct.,791 
Refinery Burners ... July, 548 
Refinery Flow Chart. . - Oct.,791 
Resistance Standards ,. -Sept.,711 
Simple Business System -Sept., 709 
Slide Rules. ..... -Sept.,709 
Silicone Oils. .... - Oct.,789 
Small Boilers. .... Sept.,711 
Stainless Castings .. - Nov.,877 
Stainless-clad. Steels. - Oct.,790 
Stainless Fittings .. - Oct.,790 
Stainless Steel. ... . Aug.,629 
Stainless Valves and Fittings July, 548 
Stainless Weld Fittings. July, 548 


Steam Specialties. ... 
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Steam Trap Maintenance . May, 

Steel Plate Shapes .. Sept. ,709 
Storage Tanks. .... June, 468 
Strainers. .. July, 548 


Stuffingboxless Pump ° 
Synthetic Ammonia. . . 
Tank and Vessel Lining 
Temper Designations. . 
Thickness Measurement. 
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Turbines ... .« . July, 548 
Turnaround Technique ° « Nov.,879 
Valve Chart. ..... June, 468 
Veo Belts. «ec ec sec oc ° July, 548 
Water Analysis .... ° - Aug.,629 
Water Conditioning .. ee June, 468 
Water Treatment. ... e. - Nov.,879 
Welding Handbook... ee -June, 470 
Wrenches and Pliers. .... July, , 548 
Wood Preserving Oils, (PT)... . . Nov.,869 


Workbench, Is Mobile but Rugged (PP) 


cave eeebesee eee s 
Workstand, Adjustable (WN) .... . Oct.,7&7 


wrenches: 
Internal Wrench (WN) . . 
New Pipe Wrench Features Adjustable Jaws 


and Arm (EP) . ie = & oe 
Wrenches and Pliers. (Wj occe uly, 560 


aye tt First Data on Is Presented at 

ACS <@ ©.8 eo « e Oct. 

Xylene, Booklet Gives” Data ay “properties, : 
Uses (T) 
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Albright, John C,--"Stradale" Support Among 
Improvements in Huge Refinery Blowdown Vapor 
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Albright, John C,--Sturdy Carriage to Hold Work 
in Alignment Simplifies Operation of Power 
HacksQW . 22s cc eo eo 0 0 8 ow 0 Ot, 745 


Alden, R, C.-- Natural Gasoline Looks Ahead 
(also by G. G. Oberfell). ... . .Jume, 453 
Barnard, 0, P.--What Next in Automotive Fuels? 
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Becker, A, E.--Certified Iso-Octane by the Car 
Load; Article 1-—-Manufacture (also by Otto 
Gerbes and H.J. Hall) ...... . Oct.,7&% 


Becker, A. E.-- Certified Iso-Octane by the Car 
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3tend, William F,-- Bureau of Mines Asks 
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Research (also by William C. Uhl) . Feb., 85 


Bland, William F,--Cut Costs on New 3000 b/d 
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